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(54) RESIN COMPOSITIONS AND USE THEREOF 

(57) Asolt resin composition of the present inven- 
tion comprises a polyethylene resin (A) and an ethyl- 
ene/a-olefin random copolymer (B) comprising ethylene 
and an a-olef in having 3 to 20 carbon atoms at a spe- 
cif ic proportion, wherein an MFR and density of the pol> 
yethylene resin (A), and a density, intrinsic viscosity, 
glass transition temperature, crystallinity, molecular 
weight distribution. B value and gri* values off the copol- 
ymer (B) are each in a specific range. The soft resin 
composition is excellent in melt flow characteristics, 
namely excellent in moldability. and is capable of provid- 
ing moldings excellent in balance between pliability and 
heat resistance. 

An etiiylene/a-olefin copolymer resin composition 
of the present invention comprises a liner ethylene /a- 
olefin copolymer (A-a) comprising ethylene and an a- 
olefin having 4 to 20 carbon atoms and a long-chain 
branched ethylene/a-olefin random copolymer (B-a) 
conr^rising ethylene and an a-olefin having 3 to 20 car- 
bon atoms in a specific proportion, wherein a density 
and mett flow rate of the copolymer (A-a) arxl a density. 
MFR, intrinsic viscosity, glass transition temperature, 
crystallinity. molecular weight distribution, B value and 
gn* values of the copolymer (B-a) are each in a specific 
range. A film of the invention is produced from tiie resin 



composition. 

The ethylene/a-oiefin copolymer resin composition 
is excellent in heat stability and suitability for high-speed 
molding, and can provide the films excellent in mechan- 
ical strength properties, low temperature heat-sealing 
properties and sealing stability, and furtiier in slip char- 
acteristics and anti-blocking properties thereby being 
excellent in handling properties and suitability for high- 
speed filling upon packaging by automatic filling 
machines. The film also exhibits the effect as described 
above. 
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Description 

F\ELD OF TH E INVENTION 

The present invention relates to a polyethylene resin composition excellent In moldabilrty and capable of providing 
moldings having excellent pliability. 

The present invention relates to a soft resin composition containing a polyethylene resin, which is capable of pro- 
viding moldings excellent, particularly, in pliability and heat resistance and has an excellent moldability. 

The present invention also relates to an ethylene/a-olefin copolymer composition suitable for use mainly in pack- 
aging fims. More particularly the present invention relates to an ethyiene/a-olef in copolymer composition which is, as 
compared with the conventional ethylene copolymer corrpositions, excellent in filnvmoldability and capable of high- 
speed molding, and also capable of providing a film excellent in machanical strength properties, low temperature heat- 
sealing properties and heat-sealing stability, and further in slip characteristics and antiblocking properties thereby being 
excellent in suitability for high-speed f niing upon packaging by automaticcally filling, and to a film from the same. 

BACKGROUND OF THE INVENTION 

Polyethylene resins include various kinds of resins, such as high-pressure low-density polyethylene resins, high- 
density polyethylene resins and linear low-density polyethylene resins including ethylene/a-olefin copolymers. 

Of these, the low-density polyethylene resins are excellent in the balance between pliability and heat resistance 
and. therefore, are widely used for gaskets of Injection molding machines, and for various packing, tube and sheet 
materials. 

The conventional low-density polyethylene resins are excellent in heat resistance but do not have sufficient pliabil- 
ity. Therefore, improvement in the properties has been desired. 

For example, a method of blending various elastomers (e.g.. ethylene/Jjropylene copolymer rubber and ethylene/1 - 
butene copolymer njbber) with the low-density polyethylene resin to give pliability to the resins has been proposed. 

However, such a method has a drawback in that, when the conventional ethylene elastomer is blended with the low- 
density polyethylene resins, the pliability of the resins is improved but the heat resistance thereof becomes remarkably 
worse. 

Accordingly, now desired is development of the polyethylene resin cornposition capable of providing moldings being 
well-balanced in pliability and heat resistance, and exhtoiting an improved f lowability in various molding processes. 

Among the polyethylene resins as mentioned atxTve. for example, the high-pressure low-density polyethylene res- 
ins, the high-density polyethylene resins and the linear low-density polyethylene resins including ethylene/a-olefin 
copolymers have been molded into films and widely used in various fields, such as in packaging of products from the 
past. 

Specifically, the films of the linear low-density polyethylene resins including ethylene/a-olefin copolymers are used 
for sealants of various packaging materials, because the linear low-density polyethylene resins as film materials can be 
made at low energy consumption (i.e., small production cost) of production, as compared with the conventional high- 
pressure low-density polyethylenes. and are excellent in heat-sealabiiity through contaminants, hot tack and mechani- 
cal properties, such as tear strength and impact strength. 

Though the suitability for high-^eed filling upon packaging by automatic filling machines is required for the purpose 
of packaging, the film made singly from the linear low-density ethylene/a-olefin copolymer does not always sufficiently 
satisfy the required handling characteristics and suitability for high-speed filling. 

Accordingly, now desired is development of the resins capable of providing films having more excellent low temper- 
ature heat-sealing properties, sealing stability, slip characteristics and antiblocking properties. 

The linear low-density ethylene/a-olefin copolymer is low in melt tension for its molecular weight, as compared with 
the high-pressure polyethylene. Therefore, it has a drawback in that, when they are molded into films at high speed in 
inflation molding, rocking or breakage of bubbles is liable to occur. The linear low-density ethylene/a-olefin copolymer 
has a further drawback in that, since the number of branchings in its molecular chain is small, the f lowability thereof in 
higf ' jUiear region becomes worse. 

::^dingly in order to solve the above problems, many kinds of compositions or films have been proposed. For 
exanrrple. there have been proposed a composition made by blending a low-crystalline ethylene copolymer having a 
density of not more than 0.905 g/cm^ with the ethylene/a-ol^in copolymer (Japanese Patent L-O-P No. 34145/1982) 
and a composition made by blending an ethylene/vinyl acetate copolymer with the ethylene/a-olefin copolymer (Japa- 
nese Patent L-O-P No. 109543/1984). 

However. fWrrrs of these compositions could not solve the aljove problems and, therefore, there is room for Improve- 
me^ in melt tension, flowabllity in high shearing region, low temperature heat-sealing properties, mechanical proper- 
tie^ ;iuding tear strength, transparency, and antiblocking properties. 
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OBJECT OF THE INVEhfTIQN 

The present invention has been made in order to solve the above problems associated with the prior art. 

An object of the invention is to provide a resin composition excellent in moldabiRty and capable of providing mold- 
5 ings having excellent pliability. 

Another object of the invention is to provide particularly a soft resin composition containing a polyethylene resin, 
whidi is capable of providing moldings excellent in pliability and heat resistance and has an excellent moldability. 

Still another object of the present invention is to provide an ethylene/a-olefin copolymer resin composition and a 
film therefrom, which composition is excellent in heat stability and stability for high-speed molding, and can provide films 
10 excellent in low temperature heat-sealing properties and sealing stability, and, further, in slip characteristics and anti- 
blocking properties thereby being excellent in handling properties and suitability for high-speed filling upon packaging 
by automatically filling. 

SUMMARY OF THE IMVgMTinN 

IS 

The resin composition of the present invention is a composition comprising: 
a polyethylene resin (A) at an amount of ICQ parts by weight: and 

a long-chain branched ethylene/a-olef in random copolymer (B) comprising ethylene and an a-olef in having 3 to 20 
20 cartjon atoms at an amount of 0.5 to 5000 parts by weight (that is, the composition contains 2 to 20000 parts by 
weight of the polyethylene resin (A) based on 100 parts by weight of the copolymer (B)). 
wherein the polyethylene resin (A) has: 

(a) a melt flow rate (MFR) (ASTM D 1238. 1 SO^'C. a load of 2.16kg) of 0.01 to 150 g/10 min and; 
25 (b) a density of 0.901 to 0.970 g/cm^. and 

wherein the ethylene/a-olef in random copolymer (B) has: 

(a) a density of not more than 0.900 g/cm^: 

(b) an intrinsic viscosity (n), as measured in decalin at ISS'^C, of 0.3 to 3.0dl/g; 
^0 (c) a glass transition temperature (T g) of not more than -50"C; 

(d) a aystallinity, as measured by X-ray drffractometry, of less than 40%; 

(e) a molecular weight distribution (Mw/Mn). as measured by QPC. of not more than 3.0; 

(f) a B value, as determined by the ^^C-NMR spectrum and the following equation, of 1.0 to 1 .4; and 

(g) a ratio gn* of the intrinsic viscosity (n) determined in the property (b) to the imrinsic viscosity {Ti)biank of 
3^ a linear ethylene-propylene copolymer having the same weight-average molecular weight (measured by a 

light scattering method) as the copolymer rubber (B) and having an ethylene content of 70 % by mol. 
(il)/(n)biank.of0.2to0.95, 

Bvalue=(PoE)/(2.(PE)-(Po)) 

40 

wherein (Pg) and (Pq) are respectively a molar fraction of the units derived from ethylene and a molar frac- 
tion of the units derived from the a-olefin in the copolymer rubber (B). and (Pqe) is a proportion of the 
number of the ethylene/a-olef in sequences to the number of all the dyad sequences. 

45 B value = (Poe)/(2-(Pe)-(Po)) 

wherein (P^) and (Pq) are respectively a molar fraction of tiie units derived from ^hylene and a molar frac- 
tion of the units derived from the a-olelin in the copolymer rul>ber (B), and (Pqe) is a proportion of the 
number of the ethylene/a-olef in sequences to the number of all the dyad sequences. 

so 

The soft resin composition of the present invention is a composition comprising: 
a polyethylene resin (A-X) at an amount of 100 parts by weight; and 

a long-chain branched ettiylene/a-olef in random copolymer (B-Y) comprising ethylene and an a-olefin having 3 to 
55 20 cart)on atoms at an amount of 50 to 5000 parts by weight (that is, the conposttion contains 2 to 200 parts by 
weight of the polyethylene resin (A-X) based on 1 00 parts by weight of the copolymer (B-Y)). 
wherein the polyethylene resin (A-X) has: 

(a) a melt flow rate (MFR) (ASTM D 1238. 190**C. a load of 2.16kg) of 3 to 150 g/10 min; and 
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(b) a densrty of 0.901 to 0.970 g/cm^. and 

wherein the ethylene/a*olefin random copolymer (B-Y) has: 

(a) a density of not more than 0.900 g/cm^: 
5 (b) an intrinsic viscosity (n), as measured in decalin at 135^0. of 0.3 to 3.0 dl/g; 

(c) a glass transition temperature (Tg) of not more than -50°C: 

(d) a crystal linity, as measured by X-ray diffractometry, of less than 40%; 

(e) a molecular weight distribution (Mw/Mn), as measured by GPC. of not more than 3.0: 

(f) a B value, as determined by the ^^C-NMR spectrum and the above equation, of 1 .0 to 1 .4; and 

10 (g) a ratio gr)* of the intrinsic viscosity (t|) determined in the property (b) to the intrinsic viscosity (nWrit of 

a linear ethylene-propylene copolymer having the same weight-average molecular weight (measured by a 
light scattering method) as the copolymer rubber (B) and having an ethylene content of 70 % by mol, 
(n)/(Ti)biank.of0.2to0.95. 

15 The ethylene/a-olefin copolymer resin composition of the present invention is a composition comprising: 
a polyethylene resin (A-a) in an amount of 100 parts by weight:,and 

a long-chain branched ethylene/a-olefin random copolymer (B-a) in an amount of 5 to 67 parts by weight (that is. 
the composition contains 60 to 95 parts by weight of the polyethylene resin (A-a) and the remainings of the copol- 
20 ymer (B-a). based on 100 parts by weight of the total amount of the polyethylene resin (A-a) and the copolymer (B- 
a)). 

wherein the polyethylene resin (A-a) is a linear ethylene/a-olefin copolymer (A-0) comprising ethylene and 
a-olefin having 4 to 20 cartxjn atoms and has: 

25 (a) a density of 0.901 to 0.940 g/cm^; and 

(b) a melt ftow rate (MFR) of 0.01 to 20 g/10 min. and 

wherein the long-chain branched ethytene/a-olefin random copolymer (B-a) has: 

(a) a density of 0.860 to 0,900 g/cm^: 
30 (b) a melt flow rate (MFR) of 0.01 to 20 g/10 min; 

(c) an intrinsic viscosity (ii). as measured in decalin at 135^*0. of 0.3 to 3.0 dl/g; 

(d) a glass transition temperature (Tg) of not more than -SO^'C; 

(e) a crystallinity. as measured by X-ray diffractometry, of less than 40%; 

(0 a molecular weight distribution (Mw/Mn), as measured by GPC, of not more than 3.0; 
35 (g) a B value, as determined by the ^^C-NMR spectrum and the above equation, of 1 .0 to 1 .4; and 

(h) a ratio gn* of the intrinsic viscosity {r\) determined in the property (c) to the intrinsic viscosity (n)b(ank o^ 
a linear ethylene-propylene copolymer having the same weight-average molecular weight (measured by a 
light scattering method) as the copolymer rubber (B-a) and having an ethylene content of 70 % by mol. 

(^)/h)wank.Of0.2t0 0.95. 

40 

Each of the ethylene/a-olefin random copolym^s used in the above compositions is preferakDiy an ethylene/a-olefin 
random copolymer prepared by randomly copotymerizing ethylene and an a-otefin having 3 to 20 cart>on atoms in the 
presence of a metallocene catalyst comprising a metallocene compound represented by the following formula (I): 



so 




wherein M is a transition metal atom of Group IVB of the periodic table. 
R^ is a hydrocarbon group having 1 to 6 cartx)n atoms; 
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R^, R^, R^ and R^ may be identical with or different from each other and are each hydrogen, a halogen atom or a 
hydrocarbon group of 1 to 6 carbon atoms. 

R^ is an aryl group of 6 to 16 carbon atoms which may be substituted with a halogen atom, a hydrocartx>n group 
of 1 to 20 carbon atoms or an organic silyl group. 
5 and are each independently hydrogen, a halogen atom, a hydrocartson group of 1 to 20 cartwn atoms, a hal- 

ogenated hydrocarbon group of 1 to 20 cartx)n atoms, an oxygen-containing group or a suHur-containing group, 
and 

Y is a divalent hydrocart)on group ot 1 to 20 cartxsn atoms, a divalent halogenated hydrocar1X)n group of 1 to 20 
caibon atoms, a divalent silicon-containing group, a divalent germanium-containing group, a divalent tin-containing 
10 group. -0-. -CO-. -S-. -SO-. -802-. -NR^-, -P{R^)-, -P{0)(R^)-. -BR^- or -AIR^- (in the formulae, the R^ is hydrogen 
or a halogen atom, or a hydrocart)on group of 1 to 20 cartoon atoms or a halogenated hydrocart>on group of 1 to 20 
carbon atoms). 

The film (ethylene^a*olefin copolymer resin film) of the invention is preferably made from the above resin composi- 
15 tion (ethylene/a-olef in copolymer conrposition) . 

In the present invention, the film is preferably produced by inflation molding. 

DETAILED DESCRIPTION OF THE INVENTION 

20 The resin compositions and the use thereof according to the invention are described in detail hereinafter. 

Resip <?pmpp§ition (soft resin cQmpositiQn} 

The resin composition (including the soft resin composition and ethylene/a-olef in resin composition, and so forth) 
25 of the present invention comprises a polyethylene resin (A) and a long-chain branched ethylene/a-otef in random copol- 
ymer (B) in the specific ratio. 

Hereinafter, the soft resin composition is mainly described at first and. next, the ethylene/a-otefin copolymer resin 
composition is described. 

30 Polyethylene resin (A) 

The polyethylene resin (A) used in the invention may be a homopolymer of ethylene or a random copolymer of eth- 
ylene and a-olefin. preferably of ethylene arxl a-olefin having 4 to 20 carbon atoms. Further, the polyethylene resin (A) 
may be linear or branched. 

35 Examples of the a-olefin having 4-20 carbon atoms include Vbutene. 1-pentene, 1-hexene, 1-heptene, 1-octene. 
1-nonene, 1-decene, 1-undecene, 1-dodecene, 1-trtdecene. 1-tetradecene. 1 -pentadecene. 1 -hexadecene, 1-hepta- 
decene. 1-octadecene, l-nonadecene. 1-eicosene, 3-methyl-l-butene. S-methyl-l-pentene. 3-6thyl-l-pentene. 4- 
methyl-l-pentene. 4-methyl-1-hexene, 4,4-dimethyl-1-hexene, 4.4-dimethyl-1-pentene, 4-ethyl- 1-hexene. 3-ethyl-1- 
hexene. 9-methyl-1 -decene. 11 -methyl- 1-dodecene and 12-ethyl- 1-tetradecene. These olefins are used singly or in 

40 combination of two or more kinds. 

The polyethylene resin (A) used in the invention has MFR (melt flow rate: ASTM D 1238. 190 **C, a load of 2.16 kg) 
of 0.01 to 150 g/min. Particularly, when MFR is 3 to 150 g/10 min, preferably 5 to 100 g/IO min. more preferably 7 to 50 
g/10 min. the resultant resin composition is excellent in melt-f lowabitity. namely excellent in moldability. and capable of 
provkling moldings having an improved balance between pliability and heat resistance. 

45 The polyethylene resin (A) desirably has a density of not more than 0.970 g/cm^. preferably 0.901 to 0.970 g/cm^. 
especially 0.901 to 0.930 Q/cvrP. The polyethylene resin (A) having such density gives the soft resin composition excel- 
lent in moldability and having an improved balance between pliabitrty and heat resistance. 

In the soft resin composition of tiie invention, the ethylene/a-olefin rarx:lom copolymer (B) described below is con- 
tained at an amount of 0.5 to 5000 parts by weight based on 1 00 parts by weight of the polyethylene resin (A). The resin 

so composition described above is excellent in moldability and capable of providing motejings having excellent pliability. 
Particularly, when the (soft) resin composition contains the ethylene/a-olef in random copolymer (B) in an amount of 67 
to 2000 parts by weight, more preferably 83 to 1000 parts by weight, especially 100 to 500 parts by weight, based on 
100 parts by weight of the polyethylene resin (A), moldings having an excellent balance between pliability and heat 
resistance can be provided and the soft resin conpositions excellent in moklability can be obtained. 

55 In other words, particuarly, in case of the soft resin composition of the present invention, the polyethylene resin (A) 
is desirably contained in an amount of 2 to 200 parts by weight, preferably 5 to 150 parts by weight, more preferably 10 
to 120 parts by weight, especially 20 to 100 parts by weight, based on 100 parts by weight of the ethylene/a-olefin ran- 
dom copolymer (B). 

The polyethylene resins (A) as described above can be obtained by a conventional process. 
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The ethylene/a-olef in copolymer as described above can be obtained by. for example, copolymerizing ethylene and 
a-olelin having 4 to 20 carbon atoms in the presence of a transition metal catalyst 

For example, the density of the linear ethylene/a-olelin copolymer can be controlled with the kind and copolymer- 
ized amount of the a-def in used, and the melt flow rate can be controlled with the kind and amount of a chain transfer 
5 agent. 

The catalysts and the polymerization process for producing the polymers are not particularly limited. As the cata- 
lysts, employable are Ziegler-Natta catalyst. Phillips catalyst, a metallocene catalyst and so on. Ziegter-Natta catalyst 
includes a compound of a transition metal of Group IV of the periodic table, such as Ti-type and Zr-type. and an olelin 
polymerization catalyst conprising a compound of a transition metal of Qroup V of the periodic table (V-type) and an 
10 organoaluminum compound. As the polymerization process, employable are a slurry polymerization, gas phase polym- 
erization, solution polymerization and so on. 

ETHYLENE/g-OLEFIN RANDOM COPOLYMER (B^ 

15 The ethylene/a-olefin random copolymer (B) used in the invention is a long-chain branched ethytene/a-olefin ran- 
dom copolymer of ethylene and a-olef in having 3 to 20 cartwn atoms. 

Examples of the a-olefin having 3 to 20 cartjon atOTO indude.propylene, 1-butene. 1-pentene, 1-hexene. 1-hep- 
tene. 1-octene, 1-nonene. 1-decene, 1-undecene. 1-dodecene. l-tridecene, 1-tetradecene. 1-pentadecene. 1-hexa- 
decene. l-heptadecene. l-octadecene. l-nonadecene. 1-eicosene. 3-methyl-l-butene. 3-methyl-l-pentene. 3-ethyl-l- 

20 pentene. 4-methyl-1 -pentene, 4-methyl-1 -hexene. 4,4-dimethyl-1 -hexene. 4.4-dimethyl-1*pentene. 4-ethyl-l -hexene. 3- 
ethyl-1-hexene. 9-methyl- 1-decene. 11-methyl-1-dodecene and 12-ethyl-1-tetradecene. These olefins are used singly 
or in combination of two or more kinds. 

The ethylene/a-olefin random copolymer (B) has a density of not more than 0.900 g/cm^, preferably not more than 
0.895 g/cm^. more preferably not more than 0.890 g/cm^. 

25 The ethylene/a-olefin random copolymer (B) has an intrinsic viscosity (n). as measured in decalin a! 135 ^'C, of 0.3 
to 3.0 dl/g. preferably 0.5 to 2.0 dl/g. The ethylene/a-olefin random copolymer (B) having the intrinsic viscosity in the 
above range has excellent blending properties with the polyethylene resin (A). iy/1oreover. use of the ethylene/a-olefin 
random copolymer (B) having an intrinsic viscosity within the above range provides the soft resin composition contain- 
ing polyethylene resin, which has high f lowability and excellent moldabilrty 

30 The ethylene/a-olefin random copolymer (B) has a glass transition temperature (Tg), as measured by DSC (differ- 
ential scanning calorimeter), of not more than -SO^'C. 

The ethylene/a-olefin random copolymer (B) has a crystallinity, as measured by X-ray diffractometry, of less than 
40 %. preferably not more than 30 %. Use of the ethylene/a-olefin random copolymer (B) having a crystallinity of less 
than 40 % provides the soft resin composition containing polyethylene resin which is excellent in pliability. 

35 The ethylene/a-olefin random copolymer (B) desirably has a molecular weight distribution (Mw/Mn), as measured 
by GPC. of not more than 3.0 and a parameter (B value), as determined by the ^^G-IMMR spectrum, which indicates a 
randomness in sequences of polymerized comonomers. of 1 .0-1.4. 

This B value of the ethylene/a-olefin random copolymer (B) is an index off distribution of constituent units derived 
from each comonomer in a chain made by oopolymerization. and it can be determined based on the following equation. 

40 

B value = (Poe)/(2-(Po)-{Pe)) 

wherein (Pg) and (Pq) are respectively a molar fraction of the units derived from ethylene and a molar fraction of the 
units derived from the a-olefin in the ethylene/a-olefin random copolymer rutDber, arKi 
^ (Pqe) is a proportion of the number of the a-olef in/ethylene sequences to the nun^er of all the dyad sequences 

in the copolymer rubber (B). 

Concretely, the P^. Pq and Pqe values are obtained as follows. 

In a tube having a diameter of 10 mm0. about 200 mg of ethylene/a-olefin random copolymer is homogeneously 
dissolved in 1 ml of hexachlorobutadiene to prepare a sample. ^^C-NMR spectrum of the sample is measured under 
so the following conditions. 

(Measuring Conditions) 

Measuring temperature: 120''C 
ss Measuring frequency: 20.05 MHz 
Spectaim width: 1500 Hz 
RIter width: 1500 Hz 
Pulse repetition time: 4.2 sec 
Pulse width: 7 \isec 
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Number of integration times: 2000 to 5000 

The Pg, Pq and Pqe values are obtained from the ^^C-NMR spectrum thus measured in accordance with the pro- 
posals of GJ. Ray (Macromolecules. 10,773 (1977)). J.C. Randall (Macromotecules. 15.353 (1982)) and K. Kimura 
5 (Polymer, 25,44 1 ( 1 984)), 

In this connection, the B value obtained from the above equation becomes 2 when both monomers are mutually 
distributed in the ethylene/aolef in copolymer resin. The B value becomes 0 when the polymer is a perfect block copol- 
ymer in which both monomers are conr^letely separated. 

Use of the ethylene/a-olefin random copolymer (B) having B value within the above range provides the soft resin 
10 composition containing polyethylene resin, which has excellent heat resistance. 

The ethylene/a-olefin random copolymer (B) has a gT^* value of 0.2 to 0.95. preferably 0.4 to 0.9. more preferably 
0.5 to 0.85. 

The gti* value is defined by the following equation. 

'5 gn* = (n)/(n)biank 

wherein (n) is an intrinsic viscosity measured in the property (c). and (Ti)b{ank an intrinsic viscosity of a linear ethyl- 
ene/propylene copolymer which has the same weight-average molecular weight (measured by a light scattering 
method) as the ethylene/a-olef in random copolymer and has an ethylene content of 70 % by mol. 
20 The tact that the gn * value of the ethyiene/a-olef in random copolymer is not more than 0.95 indicates the formation 
of a long-chain branching in the molecule. 

PREPARATION OF ETH YLENE/ci-QLEFIN RANDOM COPOLYMER (B^ 

25 The long-chain branched ethylene/a-olefin random copolymer (B) having the above-described properties can be 
obtained by randomly copolymerizing ethylene and a-olefin having 3 to 20 carbon atoms in the presence of a metal- 
locene catalyst containing a specific metallocene compound. 

The metallocene catalyst used in the process is not particularly limited so long as it contains a metallocene com- 
pound (A). For example, the metallocene catalyst may comprises a metallocene compound (A) In addition to an orga- 

30 noaluminum-oxy compound (B) and/or a compound reacting with the metallocene compound (A) to form an ion pair (C) 
(sometimes simply referred to "compound (C)"* hereinafter). The metallocene catalyst may be comprises an organoalu- 
minum compound (D) in addition to the metallocene compound (A), and theorganoatuminum-oxy compound (6) arxl/or 
the compound (C). 

35 Metallocene compcunci [A] 

The metallocene compound [A] employable for preparing the long-chain branched ethylene/a-olefin random copol- 
ymer (6) that is used in the invention is, for example, a compound represented by the following formula [Q. 



40 



45 




In the formula IQ. M is a transition metal atom of Group iVB of the periodic table, specifically titanium, zirconium or 
55 hafnium, particularly preferat)ly zirconium. 

R^ is a hydrocartx)n group of 1 to 6 cartx)n atoms, and examples thereof include alkyi groups, such as methyl, ethyl. 
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n-propyl. isopropyl. n-butyl. isobutyl, sec-butyl, tert-butyl. n-pentyl. neopentyi. n-hexyl and cyclohexyl; and aJKenyl 
groups, such as vinyl and propenyl. 

Of these, preferable are alkyi groups whose carton bonded to the indenyl group is primary cartx>n. More preferable 
are alkyI groups of 1 to 4 cart)on atonns. and particularly preferred are nnethyl and ethyl. 

Substituents R ^. R^. and R^ 

r2. R"*. r5 and R^ may be the same as or different from each other, and are each hydrogen, a halogen atom or the 
same hydrocaibon group of 1 to 6 cartx>n atoms as described for rV 
The halogen atom is fluorine, chlorine, bromine or iodine. 

R^ is an aryl group of 6 to 1 6 cartx)n atoms. This aryl group may be substituted with a halogen atom, a hydrocartwn 
group of 1 to 20 carbon atoms or an orgsmosilyl group. 

Examples of the aryl groups include phenyl, a-naphthyl. p-naphthyl. anthracenyl. phenanthryl, pyrenyl, acenaph- 
thyl, phenalenyl. aceanthrylenyl, tetrahydronaphthyl, indanyl and bjphenylyl. Of these, phenyl, naphthyl, anthracenyl 
and phenanthryl are preferable. 

Examples of the hydrocarbon groups of 1 to 20 carbon atoms serving as substituents of the aryl groups include: 

alkyI groups, such as metiiyl. etiiyl. propyl, butyl, hexyl. cyclohexyl. octyl. nonyl. dodecyl. eicosyl. norfc)ornyl and 
adamantyl; 

alkenyl groups, such as vinyl, propenyl and cydohexenyl; 
arylalkyl groups, such as benzyl, phenytethyl and phenylpropyl; and 

aryls groups, such as the atxyve-exempllfied aryl groups, tolyt. dimethylphenyl, trimethylphenyl. ethylphenyl. propyl- 
phenyl, methylnaphtiiyl and benzylphenyl. 

Examples of the organosilyl groups include trimethylsilyl, triethylsilyl and triphenylsilyl. 
Substituents X-^ and 

X^ and X^ are each hydrogen, a halogen atom, a hydrocartx)n groi^ of 1 to 20 cartxsn atoms which may be sub- 
stituted with halogen, an oxygen-containtng group or a sulfur-containing group. Examples of the halogen atoms and tiie 
hydrocarbon groups are the same as fliose mentioned above. 

Examples of the oxygen -containing groups include hydroxyl group; alkoxy groups, such as methoxy. ethoxy. pro- 
poxy and butoxy: aryloxy groups, such as phenoxy, mett^lphenoxy. dimethylphenoxy and naphthoxy; and arytatkoxy 
groups, such as phenytmethoxy and phenylethoxy. 

Examples of tiie sulfur-containing groups include substituents wherein oxygen is replaced with sulfur in tiie above- 
exemplified oxygen-containing groups; sulfonate groups, such as methylsulfonato, trifluoromethanesulfonato. phenyl- 
suHon^ro. benzylsuKonato. p^toluenesutfonato, trimethylbenzenesulfonato. triisobutylbenzenesulfonato, p-chlorobenze- 
nesutfbnato and pentafiuorcbenzenesulfonato; and sulfinato groups, such as methylsutfinato. phenylsuffinato. 
benzylsulf inato. p-toluenesuKinato. trimethylbenzenesulfinato and pentafluorobenzenesulfinato. 

Of these. X^ and X^ are each preferably a halogen atom or a hydrocartx^n group of 1 to 20 cartoon atoms. 

1 

Y is a divalent hydrocart)on group of 1 to 20 cartx^n atoms, a divalent halogenated hydrocartx>n group of 1 to 20 
caitx)n atoms, a divalent silicon-containing group, a divalent germanium-containing group, a divalanet tin-containing 
group. -0-. -CO-. -S-. -SO-. -SO2-. -NR^-. -P(R^)-. -P(0)(R^)-. -BR^- or -AIR^- (The R^ is hydrogen or a halogen atom, 
or a hydrocaitx>n group of 1 to 20 caft)Qn atoms or a halogenated hydrocarbon group of 1 to 20 carbon atoms). 

Examples of the divalent hydrocarbon groups of 1 to 20 cartxjn atonrs include alkylene groups, such as methylene, 
dimethylmethylene, 1 .2-ethylene. dimethyl-1.2-etfiylene, 1 .3-trimethylene, 1,4-tetramethylene. 1.2-cyclbhexylene and 
1 .4-cyclohexytene; 

and arylalkylene groups, such as diphenylmethytene and dlphenyl-1 .2-ethylene. 

Examples of the divalent halogenated hydrocart>on groups include tiiose wherein ttie above-exenplified divalent 
hydrocart>on groups of 1 to 20 cartx>n atoms are halogenated, such as chloromethylene. 

Examples of the divalent siticon-oorrtaining groups include alkylsilylene. alkylarylsilylene and arylsilylene groups, 
such as methytsilylene, dimethylsilylene. diethylsilylene. di(n-propyl)silylene. di(i-propyl)silylene, di(cyclohexyl)silylene, 
methylphenylsilylene. diphenylsilylene. di(p-tolyl)silylene and di(p-chlorophenyl)silylene; and alkyldisilyl. alkylarykJisilyl 
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and aryldlsiiyi groups, such as tetramethyt-1,2'<lisilyl and tetraphaiyl-1,2-disilyl. 

Examples of the divalent germanium-oontaining groups include those wherein silioon Is replaced with gernnanium 
in the above-exemplified divalent silicon-containing groups. 

is the same halogen atom. hydrocartx)n group of 1 to 20 carbon atoms or halogenated hydrocartx)n group of 1 
5 to 20 cartoon atoms as described above. 

Of these. Y is preferably a divalent silicon-containing group or a divalent germanium-containing group, more pref- 
erably a divalent silicon-containing group, particularly preferably an alkylsilylene group, an alkylarylsilylene group or an 
arylsilylene group. 

Listed below are examples of the metallocene compounds represented by the above formula [Q. 

10 

rac-Dimethylsilylene-bis(4-phenyl-1 -indenyl)2irconium dichloride, 

rac-Dimethylsi!ylene-bis{ 1 -(2-methyl-4-phenylindenyl)}2irconium dichloride. 

rac-Dimethylsilylene-bis(2-methyl-4-(a-naphthyl)-1 -indenyOzirconium cfichloride. 

rac-Dimethylsilylene-bis(2-methyl-4-(p-naphthyI)-1 -indenyl)2irconium dichloride. 
IS rac-Dimethylsilylene-bis(2-methyl-4-(l -anthracenyl)-1 -indenyl)zirconium dichloride. 

rac-Dimethyfsilylene-bis(2-methyl-4-{2-anthracenyl)-1-indenyl)zirconium dichloride. 

rac-Dimethylsilylene-bis(2-methyl-4-(9-anthracenyl)-1-indenyl)2irconium dichloride. 

rac-Dimethylsilylene-bis{2-methyl-4-(9-phenanthryl)-l-indenyl)zirconium dichloride. 

rac-Dimethylsilylene-bis(2-methyi-4-(p-fluorophenyl)-1-indenyl)2lrconium dichloride. 
20 rac-Dimethylsilylene-bis(2-methyl-4-(pentaf luorophenyl)-1 -indenyi)zirconium dichloride, 

rac-Dimethylsilylene-bis(2-methyl-4-(p-chlorophenyl)-1-indenyl)2irconium dichloride. 

rac-Dimethylsilylene-bis(2-methyl-4-(m-chlorophenyl)- 1 -indenyl)zirconium dichloride. 

rac-Dimethylsilylene-bis(2-methyl-4-{o-chlorophenyl)-l-indenyl)zirconium dichloride. 

rac-Dimethylsilylene-bis(2-methyl-4-{o.p-dichlorophenyl)phenyl-1-indenyl)2irconium dichloride. 
25 rac-Dimethylsilylene-bis(2-methyl-4-(p-bromophenyl)-1 -indenyQzirconium dichloride, 

rac-Dimethytsilylene-bi8(2-methyl-4-(p-tolyl)-l-indenyl)2irconium dichloride, 

rac-Dimethylsilylene-bis(2-methyl-4-(m-tolyl)-1-indenyl)zirconium dichloride, 

rac-Dimethylsilylene-bis(2-methyl-4-(o-tolyl)-1-indenyl)zirconium dichloride, 

rac-Dimethylsilylene-bis(2-methyl-4-(o.o*-dimethylphenyl)- 1 -indenyl)zirconium dichloride. 
30 rac-Dimethylsilylene-bls(2-methyl-4-(p-ethylphenyl)-l-indenyl)zirconium dichloride, 

rac-Dimethylsilylene-bis(2-melhyl-4-(p-i-propylphenyl)-1-indenyl)zirconium dichloride. 

rac-Dimethylsilylene-bis(2-methyl -4-(p-benzylphenyl)- 1 -indenyl)zirconium dichloride. 

rac-Dimethylsilylene-bis{2-methyl-4-(p-biphenyl)-1-indenyl)zirconium dichloride. 

rac-Dlmethylsilylene-bis(2-methyl-4-(m-biphenyl)- 1 -indenyl)zirconium dichloride. 
35 rac-Dimethylsilylene-bis(2-methyl-4-(p-trimethylsilylenephenyl)-1-indenyl)zirconiumdichlori 

rac-Dimethyl6ilylene-bi6(2-methyl-4-(m-trimethylsilylenephenyl)-1-indenyl)zirconium dichloride. 

rac-Dimethylsilylene-bis(2-phenyl-4-phenyl)-lHndenyl)zirconium dichloride. 

rac-Diethylsilylene-bis(2-methyl-4i3henyl)-1 Hndenyl)2iroonium dichloride, 

rac-Di(i-propyl)silylene-bis(2-methyl-4-phenyl-1«indenyl)}zirconium dichloride. 
40 rac-Di(n-butyl)silylene-bis(2-methyl-4-phenyl-1 -indenyl)zirconjum dichloride. 

rac-DicyclohexylsiIylene-bis(2-methyl-4-phenyl-1-indenyl)2irconium dichloride. 

rac-Methylphenylsilylene-bis(2-methyl-4-phenyl-1-indenyl)2irconium dichloride. 

rac-Diphenylsilylene-bis(2-methyl-4-phenyl-1 -indenyl)zirconium dichloride. 

rac-Di(p-tolyl)silylene-bis(2-methyl-4-phenyl-1-indenyl)zirconium dichloride. 
45 rac-Di(p-chlorophenyl)silylene-bis(2-methyl-4-phenyl-1 -indenyl)zirconium dichloride. 

rac-Methylene-bis(2-methyl-4-phenyl-1 -irKlenyl)2irconium dichloride. 

rac-Ethylene-bjs(2-methyl-4-phenyl-1 -indenyl)zirconlum dichloride. 

rac-Dimethylgermylene-bis(2-methyl-4-phenyl-1-indenyl)2irconlum dichloride. 

rac-Dimethyl8tannylene-bis(2-metti^l-4-phenyt- 1 -indenyl)zirconium dichloride. 
so rac-Dimethylsilylene-bis(2-metiyt-4-phenyl- 1 -indenyOzirconium dibromide. 

rac-DimethyIsilylene-bis(2-methyl-4-phenyl-1 -indenyl)2irconium dimethyl. 

rac-Dimethylsilylene-bis(2-methyl-4-phenyl- 1 -indenyl)2irconium methylchloride, 

rac-Dimethylsilylene-bis(2-methyl-4-phenyl-1 -indenyl)zirconium chloride S02Me. 

rac-Dimethylsilylene-bis(2-methyl-4-phenyl-l-indenyl)zirconium chloride 0S02Me. 
55 rac-Dimethylsilylene-bis{1 -(2-ethyl-4-phenylindenyf))zirconium dichloride. 

rac-Dimethyisilylene-bis{ 1 -(2-ethyl-4-(a-naphthyl)lndenyl))2lrconium dichloride. 

rac-Dimethylsllylene-bls{1 -(2-€thyl-4-(p-naphthyl)indenyl))zirconium dichloride, 

rac-Dimethylsilylene-bis{1 -(2-ethyl-4-(2-methyl-1 -naphthyl)indenyl)}2irconium dichloride, 

rac-Dimethylsilylene-bis{l -(2-ethyl-4-(5-acenaphthyl)lndenyl)}zirconium dichloride, 
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rac-Dimethytsnylene-bis{1-(2-ethyi*4-(9-anthracenyl)indeny1)}zirconium dichtonde. 
rac-Dimethylstlylene-bis{1 -(2-ethyM-(9-phenarTthryl)indeny1)}zirconium dichloride, 
rac-Dimethylsilylen8'bis{l'(2-ethyl-4-(o-methylphenyl)irKl^y1)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1 -(2-ethyt'4-(rTvmethyIphenyl)indenyl)}zirconium dichloride. 
rac-Oimethylsilylene-l3ts{1-(2-ethyl-4>(p'methylphenyt)indeny1)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(2.3<Jimethylphenyl)indenyl)}zirconi dichloride. 
rac-Dirnethylsilylene4)is{1-(2-ethyl-4-(2,4-dimethyiphenyi)irKJenyl)}zirc^ dichloride. 
rac-Dimethylsilylene-bie{1-(2-ethyl-4-(2,5-dimethylphenyl)indenyl)}zlrconium dichloride, 
rac-Dirnethylslly1ene-bis{1-(2-ethyl-4-(2.4.64rlm6thytpheriyOlnderiyO)zirconiur^ dichloride, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(o-chloropheny1)indeny1))zirconium dichloride. 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(rn-chlorophenyl)indenyl)}zirconium dichloride. 
rac-Dinriethylsilylene-bis{1-(2-ethyl-4-{p-chlorophenyl)indenyl))zirconiurn dichloride, 
rac-Dim6thylsilylene-bt8{V(2-ethyl-4-(2.3-dichlorophenyt)indeny1)}zirconium dichloride. 
rac-Dimethylsilylene-k»s{1-(2-e1hyl-4-(2.6<Jichloropheriyl)inderiyl)}zirconium dichloride. 
rac-Dimethylsilylene-bis{1>(2-ethyl-4-(3.5-dichlorophenyl)indenyl)}zirconium dichloride. 
rac-Dimethylsilylene-bis{1*(2-ethyl-4-(2-bromophenyl)indenyl)}zirconium dichloride. 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(3-bromophenyl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(4-bromophenyI)indenyl)}zirconium dichloride. 
rac-Dimethylsilylerie-bts{1-(2-ethyl-4-(4-biphenylyl)indenyl))zirconiurn dichloride, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4*(4-trimethylsilylphenyl)iridenyl)}z^^^ dichloride. 
rac-Dimethylsilylene-bis{1-(2-ni3ropyl-4iDhenylindenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1*(2-n-propyl-4-{a-naphthyl)indenyl))zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-n-propyl-4-(p-naphthyl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1 -(2-n-prof^-4-(2-methyl-1 -naphthyl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{l-(2-rii3rof^-4-(5-aceriaphthyl)indenyl)}zirconium dichloride. 
rac-Dirnethylsilylene-bis{1-(2-rit3ropyl-4'(9-arithracenyl)lnderiyl)}zircoriium 
rac-Dimethylsilylene-bis{1-(2-ni3ropyl-4-(9'phertanthryl)indenyl)}ziroonrurn dichloride. 
rac-Dimethylsilylene-bis{l-(2-i-propyl-4-phenylindenyl)}zirconium dichloride. 
rac-Dirnethylsilylene-bis{1-(2-i-propyl-4-(a-naphthyl)iridenyl))zircoriium dichloride, 
rac*Dimethylsilylene-bi8{1-(2-i-propyl-4-(p-naphthyl)indenyl)}zirconi dichloride, 
rac-Diniethylsilylene-bis{V(2-i-propyl-4-(8-methyl-9-naphthyOiride^^^ dichloride. 
rac-Dimethyl8ilylene-bis{1-(2-i-propyl-4-(5*acenaphthyl)tndenyl)}zirconium dichloride. 
rac>Dimethylsilylene-bis{1-(2-i-propyM-(9-anthracenyt)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-i-propyl'4-(9-phenanthryl)indenyl)}zirconium dichloride. 
rac-Dimethylsilylene-bis{1-(2-s-butyl-4-phenylindenyl))zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-6-butyl-4-(a-naphthyl)indenyl)}zirconium dichloride. 
rac-Dim6thylsilylene-bis{1 -(2-s-butyl-4-(p-naphthyl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bi8{1 -(2-8-butyl-4-(2-methyl-1 -naphthyl)indenyl)}zirconium dichloride. 
rac-Dimethylsilylene-bis{1-(2-s-butyl-4-(5-acenaphthyl)indenyl)}zirconiurn dichloride, 
rac-Dimethylsilylene-bis{1-(2-s-bLJtyl-4-(9-anthracenyl)indenyl)}zirconium dichloride, 
rac-Dimethyls!lylene-bis{1-(2-s-butyl-4-(9-phenanthryl)indenyl)}zirconium dichloride. 
raC'Dimethylsilylene-bis{1-(2-n-pentyl-4-phenylindenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bi8{1 -(2-ri-pentyl-4'<a-naphthyt)irideriyl)}zircor^ drchtoride. 
rac-Dimethylsilylene-bis{1-(2-n-butyl-4-pheny1indenyl)}zirconium dichloride. 
rac-Dimethylsilylene-bis{1-(2-n-butyl-4-(a-naphthyl)indenyl)}zirconium dichloride. 
rac-Diniethylsilylene-bis{1-(2-n-butyl-4-(p-riaphthyl)indenyt))zirconium dichloride. 
rac-Dimethylsilylene-bis{1 •(2-n'butyl-4-(2-methyl-1 -naphthyl)indenyl)}ziroonium dichloride. 
rac-Dimethylsilylene-bis{1'(2-n43utyl-4-(5-acenaphthyt)indenyO}zirconium dichloride, 
rac-Dimethyl8ilylene-bi8{1*(2-n-butyl-4-(9-arrthracenyl)irdenyl)}zirconium dichloride, 
raC'Dimethylsitylene>bis{1 -(2-n-butyl-4-(9-phenanthryl)indenyl)}zirconium dichloride. 
rac-Dimethylsilylene-bis{1-(2-i'butyl-4-phenylindenyl)}zirconlum dichloride. 
rac-Dimethylsiiylene-bis{1-(2-i-butyl-4-(a-naphthyl)indenyl)}zirconium dichloride, 
Fac-Dimethylsilyler)e-bis{1-(2H-butyl-4-(f^naphthyOindenyl)}zirconiurn dichloride, 
rac-Dimethylsilylene-bis{l -(2-i-butyl-4-(2-methyl- 1 Hiaphthyi)irKlenyl)}zirconium dichloride. 
rac-Dimethyl8ilylene-bi8{1 -(2-i-butyl-4-(5-acenaphthyl)indenyt)}zirconium dichloride, 
rac-DirnethylsiIylene-bis{1-(2H-lxityl-4-(9-arTthracenyl)lndenyl))zirc^ dichloride, 
rac-Dlmethyl8ilylene-bis{1-(2-l-butyl-4-(9-phenanthryl)iridenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bi8{1 -{2-neopentyl-4-phenylindenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-rieoperityl-4-(a-riaphthyl)indenyl)}zirconium dichloride, 
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rac-Dimethylsnylene-bts{1-(2-n-hexyl-4-phenytindenyl)}zirconium dichloride. 

rac-Dimethylsilylene-bis{1 •(2-n-hexyl-4-(a-naphthyl)indenyl)}ziroonium dichloride, 

rac-Methy1phenylsilylene-bis{1-(2-ethy1-4-phenynndenyl)}zirconium dichloride. 

rac-Methylphenylsilylene-bls{1-(2-ethyl-4-(a-naphthyl)lndenyl)}2irconiurn dichloride. 
5 rac-Methylphenylsily1ene-bis{1-(2-ethy1-4-(9-anthracenyl)indenyf)}ziroonium dichloride, 

rac-Methytphenylsilylene-bis{1-(2-ethyl-4-(9-phenanthryl)indenyl)}2irconium dichloride. 

rac-Diphenylsilylene-bis{ 1 -(2-ethyl-4-phenylindenyl))zirconium dichloride, 

rac-Dlphenyt8jlylene-bi8{1-(2-ethyt-4-(a-riaphthyl)tndenyl)}zirconiurn dichloride, 

rac-Diphenytstlylene-bis{1-(2-ethyl-4-(9-arrthracenyl)indenyl)}ziroonium dichloride, 
10 rac-Dtphenylstlylene-bis{1 -(2-ethyM*(9i3henanthryl)indenyl)}zirconiurn dichloride. 

rac-Diphenylsilylene-bis{ 1 '(2-ethyl-4-(4-biphenylyl)indenyl)}zirconium dichloride, 

rac-Methylene-bis{1 -(2-ethyl-4-phenylindenyl))zirconium dichloride. 

rac-Methytene-bts{1 -(2-ethyl-4-(a-naphthyl)indenyl)}zirconium dichloride. 

rac-Ethylene-bi8{1 •(2*ethyt-4-phenylindenyl)}zirconium dichloride. 
IS rac-Ethylene-bis{1 -(2-ethyl-4-{a-naphthyl)indenyl)}zirconium dichloride, 

rac-Ethylene-bis{1-(2-n-propyl-4-(a-naphthyl)indenyl)}zirconium dichloride. 

rac-Dimethylgermyl-bis{ 1 -(2-ethyl-4-phenylindenyl))2irconium dichloride. 

rac-Dimethylgermyl-bis{1 •(2-ethyl-4-(a-naphthyl)indenyl)}zirconium dichloride. and 

rac-Dimethylgermyl-bis{1-(2-n-propyl-4-phenylindenyl)}zirconium dichloride. 

20 

Also employable are compounds wherein zirconium is replaced with titanium or hafnium in the above-exemplified 
compounds. 

In the invention, a racemic modification of the metallocene compound is generally used as the catalyst component, 
but R type or S type is also employable. 
25 The metallocene compounds mentioned above can be used in combination of two or more kinds. 

The metallocene compounds can be prepared in accordance with "Journal of Organometallic Chem.". 288 (1985). 
pp. 63 to 67 and European Patent Application No. 0.320.762. 

Other than the metallocene compound of the formula [I], a compound represented by the following formula [II] Is 
also employable. 

30 

L^Xz [11] 

wherein M is a metal of Group IV of the periodic table or a metal of lanthanide series; 

35 is a derivative of delocalization n bond group and gives restraint geometrical shape to the metal M active site*, 

and 

Xs are each independently hydrogen or a halogen atom, or a hydrocartx>n group containing 20 or less carbon 
atoms, silicon or germanium atom, a silyl group or a germyl group. 

40 Of the compounds of the formula [iq. preferable are those represented by the following formula [III]. 



45 



so 



Cp 



M 



(X) 



(X) 



[III] 



In the formula [III]. M is titanium, zirconium or hafnium, and X is the same as described above. 
55 Cp is n-bonded to M and is a substituted cyclopentadienyt group having a substituent Z or its derivative. 
Z is oxygen, sulfur, boron or an element of Group IVA of the periodic tattle. 

Y is a ligand containing nitrogen, phosphorus, oxygen or sulfur. Z and Y may together form a condensed ring. 
Listed below are examples of the conpounds represented by the formula [111]. 
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(Dimethy1(t-butytamide)(tetFamethyl-ii^-GyclopemadienyOsilane)titanium dichtoride* 

((t-Butylamide)(tetramethyl-T|^-cyclopentadienyi)-1 ,2-ethanedlyl)titantum dichtoride, 

(Dibenzyl(t-kHJtylam!de)(tetramethyl-n^-cyclopentadienyl)silane)tte^ dichloride. 

(Dimethyl(t-butylamide)(tetramethyl-Ti^-cyclopertadieny1)silaneK^ 

(Dimethyt(t-butylamide)(tetramethyl-ii^<ycloperrtadienyi)silane)dimet^^ 

{(t-Butylamide)(tetramethyl-n^-cycloperrtadienyl)-1.2-ethanediyl)dibenzyltitani 

((Methy1amide)(tetramGthyl-n^-cyclopentadienyl)-1,2.ethanediyl)dineopenty 

((Phenylphosphlde)(telramethyl-T]^-cyclopentadienyl)methylene)diphenyltitanium 

(DibGn2y!{t-butylamid©)(tetramethyl-i^^-cyclopentadienyl)silane)dibenzyl^^ 

(DimGthyl{ben2ylamlde)(n^-cydopentadienyl)silane)di(trirnethylsilyl)titanlum, 

(Dimethyl{phenylphosphide)-(tetramethyl-n^H:yclopertadienyl)silane)dibenzy^ 

(Tetramethyl-r|^-cyclopentadienyl)-1,2-ethanediyl)diben2yltitanium. 

(2-ii^-(Tetram6lhyt-cycloperTtadienyl)-1-methyiethanolate(2-))dibenzyttim^ 

(2-ti^-(Tetramethyl-cyclopentedienyl)-l-methylethanolate{20^ 

(2-((4a.4b.8a.9.9a-Ti)-9H-Fluorene-9-yl)cyc!ohexanolate(2-))dimethyltitanium. and 

(2-((4a.4b,8a.9.9a-n)-9H-Fluorene-9-yl)cyc!ohexanolate(2-))dtoen2vitrtaniurn. 

In the invention, the metallocene compounds represented by the formula (IQ can be used in combination of two or 
more kinds. 

Some of titanium compounds are listed above as examples of the metallocene compounds, but compounds 
wherein titanium is replaced with zirconium or hafnium in the above-exemplified titanium compourxjs are also employ- 
able. 

These compounds may be used alone or in combination of two or more kinds. 

Of the above-mentioned various metallocene compounds, the metallocene compound represented by the formula 
[q is preferably used in the preparation of the long-chained branched ethytene/a-olef in random copolymer. 

Oraanoaluminum oxv-oomoound tB} 

The organoaluminum oxy-compound [B] used In the invention may be aluminoxane conventionally known or a ben- 
zene-insoluble organoaluminum oxy-compound exemplified in Japanese Patent Laid-Open Publication No. 
78687/1990. 

The conventionally known aluminoxane can be prepared by, for example, the following procedures. 

(1) An organoaluminum compound such as trialkylalumlnum is added to a hydrocarbon medium suspension of 
conpounds contaning adsorbed water or salts containing water of crystallization, e.g., magnesium chloride 
hydrate, copper sulfate hydrate, aluminum sulfate hydrate, nickel sulfate hydrate or cerous chloride hydrate, so as 
to allow the organoaluminum compound to react with the compound or the salt, followed by recovering aluminox- 
ane as its hydrocarfcKsn solution. 

(2) Water. Ice or water vapor Is allowed to directly act on an organoaluminum compound such as trialkylalumlnum 
In a medium such as benzene, toluene, ethyl ether or tetrahydrofuran. followed by recovering aluminoxane as its 
hydrocarbon solution. 

(3) An organotin oxide such as dimethyttin oxide or dibutyltin oxide is allowed to react with an organoaluminum 
compourxl such as trialkylalumlnum in a medium such as decane. benzene or toluene. 

The aluminooxane may contain a small amount of an organometalllc component. Further, it is possit)Ie that the sol- 
vent or the unreacted organoaluminum compound is distilled off from the recovered solution of aluminoxane and that 
the remainder is redissolved in a solvent. 

Examples of the organoaluminum compounds used for preparing the aluminoxane include: 

trialkylatuminums. such as trimethylaluminum, triethylaluminum. tripropylaluminum, triisopropylaluminum, tri-n- 
butylaluminum, triisobutylaluminum, tri-sec-butylaluminum. tri-tert-butylaluminum. tripentylatuminum. trihexylalumi- 
num. trioctylaluminum and tridecylaluminum; 

tricycloalkylaluminums. such as tricyclohexyialuminum and tricydooctylaluminum; 

diaikylaluminum halides, such as dimethylaluminum chloride, diethylaluminum chloride, diethylaluminum bromide 
and ditsobutylaluminum chloride; 

diaikylaluminum hydrides, such as diethylaluminum hydride and dilsobutylaluminum hydride: 
diaikylaluminum alkoxides, such as dimethylaluminum methoxide and diethylaluminum ethoxide: and 
diaikylaluminum aryloxides, such as diethylaluminum phenoxide. 
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Of these, particularly preferable are trialkylaluminums and tricycloalkylaluminums. 

Also employable as the organoaluminum compound used for preparing the aluminoxane is isoprenylaluminum rep- 
resented by the formula: 

(i-C4Hg)xAly(C5Hio)z (wherein x. y. z are each a positive number, and z ^ 2x). 
5 The organoaluminum conrpounds mentioned above can be used in comlsination of two or more kinds. 

Examples of the solvents used for preparing the aluminoxane include: 

aromatic hydrocartx)ns. such as benzene, toluene, xylene, cumene and cymene; 

aliphatic hydrocart>ons, such as pentane, hexane. heptane, octane, decane. dodecane, hexadecane and octade- 

10 cane: 

alicydic hydrocartx)ns. such as cyclopentane, cyclohexane, cyclooctane and methylcydopentane; 
petroleum fractions, such as gasoline, kerosine and gas oil: and 

halides of these aromatic, aliphatic and aticyclic hydrocartx>ns, particularly chlorides and bromides thereof. 

IS Also employable are ethers such as ethyl ether and tetrahydrofuran. 
Of the solvents, particularly preferable are aromatic hydrocart>ons. 

Compound which reacts with the metallocene compound FAl to form an ion pair TCI 

20 The conpound which reacts with the metallocene compound [A] to form an ion pair [C] includes Lewis acid, ionic 
compounds, borane compounds and cartx>rane compounds described in National Publications of international Patent 
No. 501950/1989 and No 502036/1989. Japanese Patent LaidOpen Publication No. 179005/1991. No. 179006/1991, 
No. 207703/1991 and No 207704/1 991 . and US. Patent No. 5.321,106. 

The Lewis acid includes Mg-containing Lewis add, Al-containing Lewis add and B-containing Lewis add. Of these, 
25 B-containing Lewis add is preferred. 

The Lewis add which contains a boron atom is. for example, a compound represented by the following formula: 

BR^R2r3 

30 wherein R\ R^ and R^ are each independently a phenyl group which may have a substituent such as fluorine, methyl 
or trif luoromethyl, or a fluorine atom. 

Examples of the compounds represented by the above formula include trif luoroboron. triphenylboron, tris(4-fluor- 
ophenyl)boron, tris(3,5-difluorophenyl)boron. tris(4-fluoromethy1phenyl)boron. tris(pentalluorophenyl)boron. tris(p- 
tolyt)boron, tris(0'tolyl)boron and tris(3.5-dim6thylphenyl)boron. Of these, particularly preferred is tris(perttafluorophe- 

35 nyl)boron. 

The ionic compound employable in the invention is a salt comprising a cationic compound and an anionic com- 
pound. The anion reacts with the metallocene compound [A] to rerKjer the compound [A] cationic. thereby, to form an 
ion pair, so that the anion stabilizes the transition metal cation seed. Examples of such anions include organot)oron 
compound anion, organoarsenic compound anion and organoaluminum compound anion. Preferat>le are anions which 
40 are relatively bulky and stabilize the transition metal cation seed. Examples of the cations include metallic cation, orga- 
nometatlic cation, carbonium cation, tripium cation, oxonium cation, sulfbnium cation, phosphonium cation and ammo- 
nium cation. 

More specifically, there can be m«itioned triphenylcari3enium cation, tributylammonium cation. N.N-dimethylam- 
monium cation, ferrocenium cation, etc. 
45 In the invention, ionic compounds containing an organoboron compound anion are preferred, and exanples thereof 
include: 

trialkyl-substituted ammonium salts, such as triethytammoniumtetra(phenyl)boron, tripropylammoniumtetra(phe- 

nyl)boron, tri(n-butyl)ammoniumtetra(phenyQboron. trimethylammoniumtetra(p-totyl)boron, trimethylammoni- 
50 umtetra(o-tolyl)boron. tn'butylammoniumtetra(pentafluorophenyl)boron. tripropylammoniumt6tra(o.P' 

dimethylphenyl)boron. tributylammoniumtetra(m,m-dimethylphenyl)boron, tritxJtylammoniumtetra(p-trrfluorometh- 

ylphenyl)tx)ron. tri(n*butyl)ammoniumtetra(o-tolyl)boron and tri(rvbutyt)ammoniumtetra(4-fluorophenyOboron; 

N.N,-dia!kylanilinium salts, such as N.N<limethylaniliniumt6tra(phenyl)boron. N.N-diettiylaniliniumtetra(phe- 

nyl)boron and N,N-2.4.6-pentamethylaniliniumtetra(phenyl)boron; 
55 dialkylammonium salts, such as di(n-propyl)ammoniumtetra(pentafluorophenyl}boron and dicyctohexytammoni- 

umt6tra(phenyl)t>oron: and 

trtarylphosphonlum salts, such as triphenyiphosphoniurntetfB(phenyl)boron. tri(methylphenyl)phosphoni- 
umtetra(phenyl)boron and tri(dimethylphenyt)phosphoniumtetra(phenyt)boron. 
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As the ionic compounds containing a boron atom. triphenylcarbeniumtetrakis(pentafluorophenyl)borate. N.N- 
dimethy1aniliniumtetrakts(pentafluorophenyl)borate and feroceniunntetraCpentafluorcphenyqborate are also employa- 
ble in the invention. 

Further, the following ionic compounds containing a boron atom are also employable. (In the ionic compounds enu- 
merated below, the counter ion is tri(n-butyl)arnmonium, Ijutthe counter ion is in no way limited thereto.) 

That fe, there can be mentioned salts of anion, for example, bis[tri(n-butyl)ammonium]nonaborate. bis{tri{n- 
butyi)ammoniumJdecaborate. bis(tri(n-buty1)ammonium] undecaborate. bis[tri(n-butyl)animoniumldodecaborate. 
bis[tri(n-butyl)ammonium]decachlorodecaborate. bis[tri(n-txjtyl)ammonium]dodecachlorododecaborate. tri(n- 
butyl)amnionium-l-carbadecaborate. tri(n-butyl)ammonium-1-cart>aundecaborate. tri(n4xityl)amnrioniunrv1-cart)ado- 
decaborate. tri(n-lHftyl)ammonium-1 -trimethylsilyl-1 -carbadecaborate and tri(n-butyi)ammoniumbromo-1 -caibado- 
decaborate. 

Moreover, borane compounds and carborane compounds are also employable. These compounds are used as the 
Lewis acid or the ionic compounds. 

Examples of borane compounds, caiborane complex compounds and salts of carborane anions include decabo- 
rane(14). 7,8-dicarbaundecaborane(13). 2,7-dicarbaundecaborane(l3). undecahydride-7.8-dimethyl-7.8-dicarbaunde- 
caborane. dodecahydride-l1-methyl-2,7-dicart)aundecaborane. tri(n-butyl)ammonium-6-cart)^ecalx)rate{14). tri(n- 
butyl)ammonium-6-carbadecatx>rate(12), tri(n-butyl)ammonium-7-cjarbaundecaborate(13). tri(n-butyl)ammonium-7,8- 
dicarbaundecaborate(l2), tri(n-butyl)ammonium-2.9-dicart)aundecaborate(12). tri(n-butyl)amnnoniunfidodecahydride- 
8-methyl-7,9-dicart3aundecaborate. tri(n-butyl)ammoniumundecahydride-8-ethyl-7,9<licarbaundecaborate. tri(n- 
butyl)ammoniumundecahydride-8-butyl*7.9-dicarbaundecaborate. tri(n-butyl)ammoniumundecahydride-8-allyl-7.9- 
dicarbaundecaborate. tri(n-butyl)ammontumundecahydride-9-trimethylsilyl-7.8-dicarbaundecaborate and tri(n- 
butyl)ammoniumundecahydride-4.6-dibromo-7-cart>aundecaborate. 

Examples of carborane compounds and salts of carboranes include 4-carbanonaborane(14). 1 .3<licarbanonabo- 
rane(l3). 6,9-dicart}adecaborane(14), dodecahydride-1i3henyl-1,3-dicarbanonaborane, dodecahydride-l-methyl-1.3- 
dicarbanonaborane and undecahydride-1 .3-dimethyl-1 .3-dicart}anonaborane. 

Furthermore, the following compounds are also employable. (In the ionic compounds enumerated below, the coun- 
ter ion is tri(n-butyl)ammonium. but the counter ion is in no way limited thereto.) 

That is. there can be mentioned salts of metallic cartx>ranes and metallic borane anions, for example. tri(n- 
butyl)amnx)niumbi5(nonahydride-l,3-dicartMinonaborate)cobaltate(lll). tri(n-butyl)ammoniumbis(undecahydride-7.8- 
dicart)aundecaborate)ferrate(lll). tri(n>butyl)ammontumbis(undecahydride-7.8-dicart}aundecaborate)cobattate(lli). 
tri(n-butyl)ammonlunibi8(undecahydride-7.8-dlcarbaundecaborate)nickelate(lll). tri(n-butyt)ammoniumbis(undec- 
ar^ride-7.8-dlcarbaundecatx>rate)cuprate(MI), tri(n-butyl)ammoniumbis(undecahydride-7,8<licai1daundecabo- 
rate)aurate(lll). tri(n-butyl)ammoniumbis(nonahydride-7.8-dimethyl-7.&<ilcart}aundecaborate)ferrate(lll). tri(n- 
butyl)ammonlumbis(nonahydride-7.8-dimethyl-7.8-dicarbaundecaborate)chromate(lll). tri(n-butyl)ammoniumbis(tribro- 
mooctahydride-7,8-dicart>aundecaborate)cobaltate(lll), tri(n-butyl)ammoniumbis(dodecahydridedicarbadodecabO' 
rate)- ooba}tate(l II). bi6[tri(n-butyl)amnnonium]bis(dodecahydridedodecaborate)-nickelate(lll), tri8[tri(n- 
butyl)amnrx)nium]bis(undecahydride-7-cart3aundecaborate)chromate(lll), bis[tri(n-buty})ammonium]bis(undecahydride* 
7-carbaundecaborate)manganate(IV). bis[tri(n-butyl)ammonium]bis(undecahydride-7-cart>auridecaborate)cobal- 
tate(lll) and bis(tri(n4xrtyl)ammonium]bis(urrfecahydride-7-cart)aundecaborate)nlckelate(IV) 

The compounds [C] mentioned above can be used singly or in combination of two or more kinds. 

QrganoalMmin»m compQund IP] 

The organoaluminum compound [D] used In the Invention can be represented by. for example, the following general 
formula (a): 

R^nAIX3.n (a) 

wherein is a hydrocarbon group of 1 to 12 cartx)n atoms. X is a halogen or hydrogen atom, and n is 1 to 3. 

In the formula (a). is a hydrocarbon group of 1 to 12 cartaon atoms. e.g.. an alkyl group, a cydoalkyl group or an 
aryl group. Exanples of such groups include methyl, ethyl, n-propyt. isopropyl. isobutyl. pentyl. hexyl. octyl, cydopentyl. 
cydohexyl. phenyl and tdyl. 

Examples of such organoaluminum compounds include: 

trialkylaluminums. such as trimethylalumtnum. triethytaluminum, triisopropytalumlnum, trtisobutylaluminum. triocty- 
laluminum and trl-2-ethylhexylaluminum; 
alkenylaluminums, such as Isoprenylaluminum; 

dialkylaluminum halides. such as dimethylaluminum chloride, diethylaluminum chloride, dtisopropylaluminum chlo- 
ride, diisobutylaluminum chloride and dimethylaluminum bromide; 
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alkylaluminum sesquihalides. such as methylaluminum sesquichloride. ethylaluminum sesquichloride. isopropyla- 
(uminum sesquichloride. butylaluminum sesquichloride and ethylaluminum sesquibromide; 
alkylaluminum dihalides. such as methylaluminum dlchloride. ethylaluminum dichloride, isopropylaluminum dichlo- 
ride and ethylaluminum dibromide: and 
5 alkylaluminum hydrides, such as diethylaluminum hydrkie and ditsobutylaluminum hydride. 

Also employable as the organoaluminum compound [D] is a compound represented by the following formula (b): 

R^AIY3.„ (b) 

10 

wherein is the same as in the formula (a); Y Is -OR^ group. -OSiR^3 group. -OAlR^2 group, -NR^2 Q^oup. -SiR^^a 
group or -N(R^^)AIR^2^ group: nis 1 to 2; R^. R^. and R^^ g^e each methyl, ethyl, isopropyl. isobutyl. cyclohexyl. 
phenyl or the like: is hydrogen atom, methyl, ethyl, isopropyl. phenyl, trimethylsilyl or the like: and R^^ and R^^ are 
each methyl, ethyl or the like. 
15 Examples of such organoaluminum compounds include: 

(i) compounds of the formula R^nAI(OR®)3.n. e.g.. dimethylaluminum methoxide. diethylaluminum ethoxide and 
diisobutylatuminum methoxide: 

(ii) compounds of the formula R^nAI(OSIR^3)3.n. e.g.. (C2H5)2Ai(OSi(CH3)3), (iso-C4H9)2AI(OSi(CH3)3) and (iso- 

20 C4H9)2AI(OSi(C2H5)3); 

(iil) compounds of the formula R^AI(OAIR«2)3.n. © g- (C2H5)2AI(OAI(C2H5)2) and (iso-C4H9)2Al(OAI(iso-C4H9)2); 
(iv) compounds of the formula R^nAlCNR^glsn. eg.. (CH3)2AI(N(C2H5)2), (C2H5)2AI(NH(CH3)). 
(CH3)2AI(NH(C2H5)). (C2H5)2Al[N(Si(CH3)3)2] and (iso-C4H9)2AI[N(Si(CH3)3)2]; and 
(V) compounds of the formula R®nAI(SiR^°3)3.„, e.g.. (iso-C4H9)2AI(Si(CH3)3). 

25 

Of these, preferable are organoaluminum compounds of the formulae RS3AI. R^nAl(OR®)3.n and R5nAI(OAIR^2)3-n. 
and particularly preferred are compounds of said formulae wherein R^ is an IsoalkyI group and n is 2. The organoalu- 
minum compounds mentioned above can t>e used in combination of two or more kinds. 

The specific metallocene catalyst employable in the invention contains the metallocene compound [A], and the cat- 
30 alyst can be formed from, for example, the metallocene compound [A] and the organoaluminum oxy-compound [B] as 
mentioned above. The metallocene catalyst may be formed from the metallocene compound [A] and the compound fC], 
or it may be formed from the metallocene conpound [A], the organoaluminum oxy-compound [B] and the compound 
[C]. In these emt>odiments. it is p£Uiicularly preferable to further use the organoaluminum compound [D] in combination. 

In the present invention, the metallocene compound [A] is used in an amount of usually about 0.00005 to 0.1 mmol, 
35 preferably atjout 0.0001 to 0.05 mmol, in terms of the transition metal atom, based on 1 liter of the polymerization vol- 
ume. 

The organoaluminum oxy-compound [B] is used in such an amount that the amount of the aluminum atom 
becomes usually about 1 to 10.000 md. preferably 10 to 5.000 mol. per 1 mol of the transition metal atom. 

The compound which reacts with the metallocene compourxl [A] to form an ion pair [C\ is used in such an amount 
40 that the amount of the tx>ron atom becomes usually about 0.5 to 20 mol, preferably 1 to 10 mol. t>ased on 1 mol of the 
transition metal atom. 

The organoaluminum compound [D] is used optionally in an amount of usually about 0 to 1.000 mol. preferably 
about 0 to 500 mol. based on 1 mol of the aluminum atom in the organoaluminum oxy-compound [B] or the boron atom 
in the conpound [C] which forms an ion pair. 

45 By copolymerizing ethylene and an a-olefin of 3 to 20 carbon atoms using the above-mentioned metallocene cat- 
alyst, the tong-chain branched ethylene/a-olefin random copolymer can be obtained with high polymerization activities. 

However, even if ethylene and an a-olefin of 3 to 20 caibon atoms are copolymerized using a Group VB transition 
metal compound catalyst such as a vanadium catalyst, it is imposs&le to obtain the long-chain branched ethylene/a- 
olefin random copolymer with high polymerisation activity. 

so In the copdymerlsation of ethylene and an a-olefin of 3 to 20 cait)on atoms, the metallocene compound [A], the 
organoaluminum oxy-compound [B] and the compound which forms an ion pair [C]. and optionally, the organoaluminum 
compound [D], all of which constitute the metallocene catalyst, may be separately fed to the polymerization reactor, or 
a preliminarily prepared metallocene catalyst containing the metallocene compound [A] may be added to the polymer- 
ization reaction system. 

55 In the pr^aration of the metallocene catalyst, hydrocaitxin solvents which are inert to the catalyst components can 
be employed. 

Examples of the inert hydrocarbon solvents include aliphatic hydrocartx>ns, such as propane, butane, pentane, 
hexane, heptane, octane, decane, dodecane and kerosine: alicyclic hydrocartx)ns, such as cyclopentane, cydohexane 
and methylcyclopentane: aromatic hydrocart)ons. such as benzene, toluene and xylene: and halogenated hydrocar- 
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bons. such as ethylene chloride, chlorobenzene and dchloromethane. These hydrocarbon solvents can be used singly 
or in combination. 

The metallocene compound [A], the organoaluminum oxy*compound [B]. the compound [C] and the organoalumi- 
num compound [D] can be contacted with each other at a temperature of usually -100 to 200 ''C. preferably -70 to 100 

5 *»C. 

In the present invention, copolymerization of ethylene arxj the aolef in of 3 to 20 cartx}n atoms can be carried out 
under the conditions of a temperature of usually 40 to 200 ''C. preferably 50 to 1 50 ""C. particularly preferably 60 to 120 
^C, and a pressure of atmospheric pressure to 100 kg/cm^, preferably atmospheric pressure to 50 kg/cm^, particularly 
preferably atmospheric pressure to 30 kg/cm^. 

70 This polymerization reaction can be conducted by various polymerization processes, but it is preferably corxjucted 
by a solution polymerization process. In the solution polymerization process, the aforesaid hydrocartx)n solvents are 
employable as the polymerization solvents. 

Though the copolymerization can be carried out by any of batchwise. semi-continuous and continuous processes, 
it is preferably carried out continuously. The polymerization can be carried out in two or more stages under different 

IS reaction conditions. 

The long-chain branched ethylene/a-olefin random copolymer used in the invention are obtained by the processes 
mentioned aksove. and the molecular weight of the copolymer can b^ modified by varying the polymerization conditions 
such as polymerization temperature or controlling the amount of hydrogen (molecular weight modifier). 

20 QTH^RQOMPONENTS 

To the soft resin composition according to the present invention, additives such as antioxidant, UV-light absorber, 
light resisting agent phosphite heat stabilizer, peroxide decomposer, basic co-stabilizer, nucleating agent plasticizer. 
lubricant, antistatic agent, flame retardant, pigment, dye and filler can be optionally added as far as it is not prejudicial 
25 to the object of the invention. 

Exanples of the filler include cartx>n black, asbestos, talc, silica and silica-alumina. 

To the soft resin composition of the present invemion. the other polymer may be blended as far as it Is not prejudi- 
cial to the object of the invention. 

Examples of the other polymer include EPT polypropylene, various engineering plastics (polyamide. polyester and 
30 etc.). 

PREPARATION OF (SQFn RESIN COMPOSITION 

The (soft) resin composition according to the present invention can be prepared by melt-kneading the ethylene/a- 
35 olefin random copolymer (B), the polyethylene resin (A), and optionally blended additives as described below by the 
various conventional method. 

(1) Namely, the (soft) resin composition of the present invention can be prepared by simultaneously or successively 
introducing each of the components (polyethylene resin (A), ethylene/a-olefin copolymer resin (B) and optionally 
40 added additives) into Henschel mixer, a twin-cylinder mixer, a tunr^ling mixer, a ribbon tslender or the like to mix 
them and then melt-kneading the resultant mixture by a kneading machine such as a single-screw extruder, a multi- 
screw extruder, a kneader and Banbury mixer. 

By using the kneading machine excellent in kneading performance such as the kneader and Banbury mixer, 
high quality (soft) resin compositions containing polyethylene resin, in which each of components are further 
45 homogenously dispersed, can be produced. 

The additives such as antioxidant can be optionally added in an optional stage of the preparation process. 

The (soft) resin composition of the invention thus prepared can be mokJed into moldings having various shapes 
by the conventional various melt mokiing mettiod including injection mokltng. extrusion molding and conpresston 
molding. 

so (2) In the present invention, the (soft) resin composition can be prepared by a process comprising dissolving tiie 
polyethylene resin (A), the long-chain branched ethylene/a-olefin random copolymer (B) and optional additives as 
described above in a suitable solvent (e.g.. hydrocart>on solvents such as hexane. heptane, decane. cyclohexane, 
benzene, toluene and xylene) and then removing the solvent. 

(3) The (soft) resin composition can be prepared by dissolving the polyethylene resin (A), the long-chain branched 
55 ethylene/a-olefin random copolymer (B) and optbnal additives as described eibove In suitable solvents, respec- 
tively, to prepare solutions separately followed by mixing the solutions, and removing the solvents. 

(4) The process in which any of the processes (1) to (3) are combined is also enployaWe. 

Hereinafter, the ethylene/a-olefin copolymer resin composition and the use thereof are concretely described. 
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ETHYLENE/g-QLEFIN COPOLYMER RESIN COMPOSITION 



The ethylene/a-olelin copolymer resin composition according to the present invention conprises a linear ethyl- 
ene/a-ole(in copolymer (A-0) out of the polyethylene resin (A) and a long-chain branched ethylene/a-olefin random 
5 copolymer (B-a). 

Hereinafter, compositions of each components, physical properties, preparation processes of the polyethylene 
resin (A-a) and the ethylene/a -olefin random copolymer resin (B-a) suitably used for the ethylene/a-olefin copolymer 
resin conposltion are described. These properties of the polyethylene resin ( A-a) and the copolymer resin (B-a) are the 
same as those of the polyolef in resin (A) and the ethylene/a-olefin random copolymer resin (B), respectively, except for 
10 those described below, otherwise specifically mentioned. 

LINEAR ETHYLENEya.QL EFIN COPOL YMER rA-Ql 

The linear ethytene/a-olef in copolymer resin (A-O) used in the invention comprises ethylene and an a-olefin of 4 to 
15 20 carbon atoms, as descrit>ed above. 

The linear ethylene/a-olefin copolymer (A-O) has a density of 0.901 to 0.940 q/cwP, preferably 0.905 to 0.930 
g/cm^' more preferably 0.905 to 0.925 g/cm^. The linear ethylen^a-olef in copolymer having a density of less than 0.901 
g/cm^ is not suitak)le because, in case of using it. a film made from the resultant composition has low rigidity and Is likely 
to cause blocking, and. further, heat seal strength thereof is apt to decrease, though having excellent in impact resist- 
20 ance and low temperature heat-sealing properties. While, the linear ethylene/a-ol^in copolymer having a density of 
more than 0.940 g/cm^ is not suitable because, in case of using it. impact strength and low temperature heat-sealing 
properties of the resultant film are apt to be decreased. 

The linear ethylene/a-olefin copolymer (A-O) has a melt flow rate (MFR, ASTM D 1238, 190 a load of 2.16 kg) 
of 0.01 to 20 g/10 min. preferably 0-05 to 10 g/10 min, more preferably 0.1 to 7 g/10 min. The linear ethylene/a-olefin 
25 copolymer having a melt flow rate of less than 0.01 g/10 min is not suitable because, in case of using it, the resultant 
composition requires too high processing torque to process it by an ordinary process. While, the linear ethylene/a-olefin 
copolymer having a density of more than 20 g/10 min is not suitable because, in case of using it, the stability of the bub- 
ble become worse so that inflation molding thereof can not be performed. 

The liner ethylene/a-olefin copolymer (A-O) having the above properties can be prepared by the process as 
30 described above, which comprises copolymerizing ethylene and a-olefin having 4 to 20 carbon atoms in the presence 
of a transition metal catalyst. 

LONG-CHAIN BRANCHED ETHYLENE/aOLEFIN RANDOM COPOLYMER (B-g) 

35 The long-chain branched ethylene/a-olefin random copolymer (B-a) used in the invention comprises ethylene and 
an a-olefin of 3 to 20 cart>on atoms, as described at>ove. 

The ethylene/a-olefin random copolymer (B-a) has a density of 0.860 to 0.900 g/cm^, preferably 0.865 to 0.900 
g/cm^' more preferably 0.870 to 0.895 g/cm^. When the long-chain branched ethylene/a-olefin random copolymer hav- 
ing a density of more than 0.900 g/cm^ is used, a film made from the resultant conposition is likely to have poor low 

40 temperature heat-sealing properties and tear strength thereof is apt to decrease. While, when the long-chain branched 
ethylene/a-olefin random copolymer having a density of less than 0.860 g/cm^ is used, the resultant composition is dif- 
ficult to handle as the pellets thereof and the film made from the composition is apt to get worse in anti-blocking and 
slipping properties. 

The long-chain branched ethylene/a-olefin random copolymer (B-a) has a melt f tow rate (MFR. ASTM D 1238. 190 
45 ^'C. a load of 2.16 kg) of 0.01 to 20 g/10 min. preferably 0.1 to 10 g/10 min. more preferably 0.5 to 5 g/10 min. 

An intrinsic viscosity (ti). glass transition temperature (Tg), molecular weight distritxrtion (Mw/Mn) obtained by 
GPC, B value, gn* value, preparation process (including the catalyst) and so on of the long-chain branched ethylene/a- 
olefin random copolymer resin (B-a) are the same as described above. 

The ethylene/a-olefin random copolymer has characteristics such that the nrolecular weight distribution and com- 
50 position distribution thereof are narrow and the melt tension thereof is high since it has a long chain branching. 

The ethylene/a-olefin copolymer resin composition of the invention contains 60 to 95 % by weight, preferably 60 to 
90 % by weight of the polyethylene (A-O) and 5 to 40 % by weight, preferably 10 to 40 % by weight of the long-chain 
branched ethylene/a-olefin rarKiom copolymer (B-a). based on 100 % by weight of the total anfK>unt of the liner ethyl- 
ene/a-ol^in copolymer (A-O) and the long-chain brcmched ethylene/a-olefin random copolymer (B-a). 
55 In other words, the ethylene/a-olefin copolymer resin composition contains the long-chain branched ethylene/a- 
olefin random copolymer (B-a) of 5 to 67 parts by weight. preferat>ly 1 1 to 67 parts by weight, based on 100 parts by 
weight of the polyethylene resin (A-O) of the polyethylene resin (A). 

The ethyl ene/a-otef in copolymer resin composition having such formulation as descrit>ed atxive is especially suit- 
atile for using as films, excellent in heat stability and suitability in high-^eed molding, and can provide films excellent 
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in mechanical strength properties, low temperature heat-sealing properties and sealing stability, and further slip char- 
acteristics and anti-blocking properties thereby being excellent in handling properties and suitability for high-speed fill- 
ing upon packaging by automatic filling machines. 

To the ethylene/u-olefin copolymer resin composition of the invention, various ^Itives such as weathering stabi- 
5 lizer may be optionally t>l&ided as far as rt is not prejudicial to the object of the invention. 

The ethylene/a olef in copolymer resin composition of the invention can be prepared by the conventional method as 
desaibed above. 

FILM 

10 

The film according to the present invention is formed from the ethyl ene/a-oief in copolymer resin composition of the 
invention. 

The film of the invention has a thickness of 10 to 200 pm. 

The f Om of the invention can be obtained by molding the ethylene/a-olefin copolymer resin composition of the 
15 invention by the conventional process such as air-cooled inflation molding, two-level air-cooled inflation molding, high- 
speed inflation moving. T-die film formation or water-cooled inflation molding. 

The film made by the at>ove-desaibed method has an excellent balance t>etween transparency and rigidity, keep- 
ing heat-sealing properties, hot tack and heat resistance which the conventional LLDPEs also have. Further, since the 
long-chain branched ethylene/a-olefin random copolymer (B-a) constituting tiie above composition has particularly low 
20 composition distribution, tite surface of the film is not sticky. 

EFFECT QF THE INVENTION 

The resin composition of the present invention is excellent in moldabllity artd capable of providing moldings having 
25 excellent pliability. 

Particularly, the soft resin composition of the present invention is excellent in melt flow characteristics, namely 
excellent in moldak^lity. and is capable of providing moldings excellent in balance ttetween pliability and heat resistance. 

Especially, the ethylene/a-olefin copolymer resin composition of the invention is excellent in heat stability and suit- 
ability for high-speed molding, and can provide the films excellent in mechanical strengtii properties, low temperature 
30 heat-seating properties and sealing stability, and further in slip characteristics and anti-blocking properties, thereby 
being excellent in handling porperties and suitability fbr high-speed filling upon packaging by automatic filing machiens. 

The film of the present invention comprises the above ethylene/a-olefin copolymer resin composKion to be mechan- 
ical strength properties, low temperature heat-sealing properties and sealing stability, and further in slip characteristics 
and anti-blocking properties thereby being excellent in handling properties and suitability fbr high-speed filing upon 
35 packaging by automatic filling machines. 

Accordingly, the films of the invention can be suitably used for standard sacks, heavy duty sacks, wrapping films, 
raw-film for lamination, sugar sacks, oil bags, water bags, various packaging film such as packaging films fbr foods, infu- 
sion t^ags and agricultural materials. The films of the invention can be used fbr multi-layered fSms by laminating with a 
base material of nylon, polyester or the like. Of these, the f Hm of the invention is particularly suitable for the wrapping 
40 films. 

In addition, the ethylene/a-olefin copolymer resin composition of the invention is also employat>le for blow-mokfed 
infusion bags and bottles, extrusion moteled tubes, pipes and pull-off caps, injection molded articles such as daily nec- 
essaries, fibers and big size nfx>ldings made by rotomdding. 

45 EXAMPLE 

The present invention will be furtiier described with reference to the following examples, but it should be construed 
that the invention is in no way limited to those examples. 

so Example 1 

Preparation of etiivlene/1-octene random cooolvmer Preparation of catalyst solution 

To a glass flask thoroughly purged with nitrogen, 0.5 mg of the following rac-dimettiylsilylene-bis{1-(2-melhyl-4- 
55 phenylindenyl)}zirconium dichloride: 
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10 




(wherein Me represents methyl groups) was intrcxiuced. To the flask were further added 1.57 ml of a toluene solution 
of methylaluminoxane (Al: 1.1 moM) and 2.76 ml of toluene to obtain a catalyst solution. 

20 Polymerization 

To a 2 liter-stainless steel autoclave thoroughly purged with nitrogen, 600 ml of hexane and 300 ml of 1-octene 
were introduced, and the temperature of the system was elevated to 60 ""C. Then. 1 mmd of triisobutylaluminum and 
0.5 ml (0.001 mmol in terms of Zr) of the catalyst solution prepared above were injected into the autoclave together with 

25 ethylene to Initiate polymerization. Thereafter, only ethylene was continuously fed to maintain the total pressure at 3.0 
Kg/cm^-G, and the polymerization was performed at 70 ''C for 60 minutes. Then, a small amount of ethanol was fed to 
the system to terminate the polymerisation, and the unreacted ethylene was purged out. The resulting reaction solution 
was introduced into a large excess of methanol to precipitate a polymer. The polymer was separated by filtration and 
dried overnight under reduced pressure, to obtain a long-chain branched ethylene/1 -octene random copolymer. 

30 The copolymer thus obtained had a 1-octene content (measuring methol: infrared absorption spectra) of 16 % by 
mol. a density of 0.871 g/cm^, an MFR ( ASTM D 1 238. 1 90 'C. a load of 2. 1 6 Kg) of 3.5 g/1 0 min. an intrinsic viscosity 
(ti), as measured in decalin at 135 °C. of 1.3 dl/g. a glass ti'ansition temperature (Tg) off -64 **Cp a crystallinity. as meas- 
ured by X-ray diffractometry. of 5 %. a molecular weight distribution (Mw/Mn). as measured by GPC. of 2.2. a B value 
of 1 .00. a gri* value of 0.88 atKl a melt tension, as measured by the following metiiod. off 1 .5 g. 

35 

Measuremenat method ffor melt tension 

A melt tension was measured by melting pellets of ethylene/a-oleffin copolymer resin at 190 ''C. extruding the result- 
ing melt ffrom a nozzle (L s 8 mm. D = 2.095 mm) to form a strand, and stretching the strand. 

40 

Prfmmim of spn resin opmppsition gortaininq PQiyothylene re^n 

80 parts by weight of a linear low density polyethylene resin, which was available ffrom Mitsui Petrochemical Indus- 
tries. Ltd. and had a molar ratio of copolymer components off 6thylene/4-methyl-1-pentene = 96/4. an MFR (190 ^'C. a 
45 load of 2.16 Kg) of 15 g/10 min and density of 0.915 g/cm^ and 

100 parts by weight of the pellets of ethylene/1 -octene random copolymer 
were mixed by means of a Henschel mixer to prepare a dry blend. 

Then, the dry k)lend was fed at tiie present temperature off 180 X to a single-screw extruder (UD = 27. 30 mm0) 
to prepare pellets off a sofft resin composition. 
so The pellets of tiie sofft resin composition thus obtained was molded under the following conditions to produce test 
specimens for property test& 

Conditions for Dreoarina a pressed sheet 

55 Size off the pressed sheet: 200 mm x 200 mm x 2 mm thickness 
Mold temperature: 200 **C 
Pressure at pressing: 160 kg/cm^ 
Pressing time: 10 minutes 
Cooling time in pressing state: 5 minutes 
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Cooling temperature: 20 °C 

Injection rnddinQ conditions 

5 Cylirxier temperature: 180 °C 

Injection pressure: 500 Kg/cm^ 
Mold temperature: 30 ''C 

Then, properties of the soft resin composition were evaluated by the following methods. 

10 

{1)MFR 

The MFR was measured in accordance with ASTM D 1238 (temperature of 190 a toad of 2.16 Kg). 
IS (2) Surface hardness 

The surface hardness was measured using the pressed sheet ip accordance with JIS K 6301 . 

(3) Torsional rigidity 

20 

The torsional rigidity was measured in accordance with ASTM D 1043. 

(4) Heat sag 

25 A specimen (12.7 mm x 6.3 mm x 120 mm) injection molded under the above condition was fixed on a cantilever 
(the length between spans is 100 mm), then placed in a temperature controlled bath at 70 **C for i .5 hours, thereafter 
a point sag of the specimen by gravity was measured. 
The results are set forth in Tal^e i . 

30 Example 2 

A long-chain branched ethylene/1 -butene random copolymer was obtained in the same manner as in Example 1 
except that 1 -butene was used in place of 1 -octene. 

The copolymer thus obtained had a 1 -butene content of 1 7 % by mol. an MFR of 3.6 g/10 min. a density of 0.870 
35 g/cm^. an intrinsic viscosity {r\), as measured in decalin at 135 *»C, of 1 .3 dl/g, a glass transition temperature (Tg) of -64 
*»C. a crystallinity. as measured by X-ray diffractometry. of 5 %. a molecular weight distribution (Mw/Mn). as measured 
by GPC. of 2.1 . a B value of 1 .00. a gn* value of 0.85 and a melt tension of 1 .5 g. 

Using the ethylene/1 -butene random copolymer, a soft resin conr^sition containing a polyethylene resin were pre- 
pared in the same maraier as in Exanrf)le 1 . The MFR. the surface hardness, the torsional rigidity and the heat sag were 
40 measured. 

The results are set forth in Table 1 . 

Comparative Example 1 

45 A catalyst solution was prepared in the same manner as in Example 1 except that bis(1 ,3-dimethylcyclopentadi- 
enyl)zirconium dichloride was used in place of rac-climethylsilylene-bis{1-(2-methyl-4-phenylindenyl))2irconium dichlo- 
ride. 

Using the catalyst solution, a linear ethylene/1 -octene random copolymer was prepared in the same manner as in 
Example 1. 

so The copolymer thus obtained had a 1 -octene content of 14 % by mol. an MFR of 3.6 g/10 min. a density of 0.872 
g/cm^. an intrinsic viscosity (ti). as measured in decalin at 135 ^c. of 1 .5 dl/g, a glass transition temperature (Tg) of -62 
''C. a crystallinity. as measured by X-ray diffractometry, of 6 %, a molecular weight distribution (Mw/Mn). as measured 
by GPC, of 2.4. a B value of 1 .03, a gri* value of 1 .00 and a melt tension of 0.6 g. 

Using the ethylene/1 -octene random copolymer, a soft resin composition containing a polyetfiylene resin were pre- 
55 pared in the same manner as in Exanrple 1 . The MFR. the surface hardness, the torsional rigicfity and the heat sag were 
measured. 

The results are set forth in Table 1 . 
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Comparative Exarrple 2 

A catalyst solution was prepared in the same manner as in Example 1 except that bis(1»3-dimethylcyclopentddi- 
enyl)zirconium dichlortde was used in place of rac-dimethylsilylene43is{1-(2-methyM-phenylindenyl))zirconium dichlo- 
5 ride. 

A linear ethylene/1 -butene random copolymer was obtained in the same manner as in Example 1 except that 1- 
butene was used in place of 1 -octene. 

The copolymer thus obtained had a 1 -butene content of 15 % by mol. an MFR of 3.3 g/10 min, a density of 0.871 
g/cm^ an intrinsic viscosity (n). as measured in decalin at 135 **c, of 1 .6 dl/g, a glass transition temperature (Tg) of -62 
10 <»C. a crystallinity, as measured by X-ray diffractometry. of 5 %, a molecular weight distribution (Mw/Mn). as measured 
by GPC. of 2.3. a B value of 1 .02, a gii* value of 1 .00 and a melt tension of 0.5 g. 

Using the ethylene/1 ^butene random copolymer, a soft resin composition containing a polyethylene resin were pre- 
pared in the same manner as in Example 1 . The MFR. the surface hardness, the torsional rigidity and the heat sag were 
measured. 

15 The results are set forth in Table 1 . 



Table 1 ' 





unit 


Ex.1 


Ex.2 


Comp. Ex.1 


Comp. Ex.2 


Ethylene/a-olefin random copolymer 












lOctene content 


mol% 


16 




14 




1 -Butene content 


mol% 




17 




15 


Density 


g/cm^ 


0.871 


0.870 


0.872 


0-871 


Intrinsic viscosity (r\) 


dl/g 


1.3 


1.3 


1.5 


1.6 


Glass transition temperature (Tg) 




-64 


-64 


-62 


-62 


Crystallinrty 


% 


5 


5 


6 


5 


Mw/Mn 




2.2 


2.1 


2,4 


2.3 


B value 




1.00 


1.00 


1.03 


1.02 


gri* value 




0.88 


0.85 


1.00 


1.00 


Melt tension (190°C) 


9 


1.5 


1.5 


0.6 


0.5 


Composition of soft resin composition 












Ethylene/a-olefin random copolymer 


parts by weight 


100 


100 


100 


100 


polyethyelene resin 


parts by weight 


80 


80 


80 


80 


Physical properties of soft resin com- 
position 












MFR (190<>C) 


g/10 min. 


7.2 


7.5 


6.9 


6.8 


Surface hardness (JIS A) 














88 


88 


89 


89 


Torsional rigidity (23**C) 


kg/cm^ 


130 


130 


140 


140 


Heat sag (TO^'C) 


mm 


5.4 


5.6 


7.3 


7.5 



Examples and Comparative Examples of ethylene/a-olefin copolymer resin oorrpositton and film of the composi- 
tion of the present invention are illustrated below. 
5S Properties of the film and the composition in Examples and Comparative Examples were evaluated as follows. 

(1) Haze 

The haze was measured in accordance with ASTM-D-1 003-61 . 
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(2) nim impact strength 

The film impact str^gth was measured by means of a pendulum Inpact tester manufactured by Toyo Seiki Sei* 
sakusho K.K. 

5 

(3) Heat seal initiating terrperature 

Two of the films was sealed under the conditions of 2 kg/cm^ and 1 second, the temperature was measured when 
the sealing strength was 300 g/i5 mm. the measured temperature was applied to the heat seal temperature. 

10 

(4) Moldability 

A bubble stability at molding an inflation film was evaluated by the following three ranks, the evaluated rank was 
appfied to the evaluation of the composition. 

15 

@ : excellent In the bubble stability 
O • Qood in the bubble stability 

A : low in the bubble stability, but film formation is possible. 
20 (5) Melt tension (MT) 

Pellets of ethylene/a-olefin copolymer resin was melted at 190 the melt tension (MT) was measured by means 
of a capillary rheometer manufactured by Toyo Seiki Seisakusho K.K. when a strand extruded from a nozzle (L = 8 mm, 
D = 2.095 mm) was streched. The extruding speed was 15 mm/min. and the take-up rate was 15 m/min. 

25 

(6) Flow index (Fl) 

The flow index (Fl) is defined as a shear rate given when the shear stress at 190 *C is reached to 2.4 x 10^ 
dyne/cm^. The flow Index (Fl) of a resin can be determined in the following manner. The resin is extruded from a capil- 
30 lary with varying a shear rate to measure a shear stress, and the shear rate which corresponds to the shear stress of 
the above-mentioned value 2.4 x 10^ dyne/cm^ gives the flow index (Fl). In the following examples, using the same 
sarrple as used in melt tension (MT) measurement, the flow index was determined under the condition of a resin tem- 
perature of 190 °C and a shear stress measured about 5 x 10* to 3 x 10® dyne/cm^ by means of a capillary flow prop- 
erty tester nnanufactured by Toyo Seiki Seisakusho K.K. 

35 

(7) Density 

The density was measured In accordance with D method of JIS K 71 12 under the condition of the temperature of 

23 ±0.1 *»C. 

40 species and contents of a-olefins. densities and MFR of the copolymers (A-1), (A-2) and (A-3) used as the ethyl- 
ene;a-olef in copolymer (A-0) In the following Examples and Comparative Examples are set forth in Table 2. 



Table 2 



Ethylene/a-olefin copoly- 
mer 


Species and content(mol 
%) of a-Oleff in 4-m6thyl- 
1- 


Density (g/cm^) 


MFR (g/10 min) 


A-1 


pentene (3.2) 


0.922 


2.1 


A-2 


1-butene (4.2) 


0.922 


1.0 


A.3 


1-octene (3.2) 


0.922 


2.4 



55 
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Reference Example 1 

Preparation of ethvtene/1 -octene random copolymer Preoafation of a catalyst solution 

5 To a glass flask purged thoroughly with nitrogen, 51 g of the above- mentioned rac-dimethylsilylene-bis{1 •(2-methyl- 

4-phenynndenyl)} zirconium dichlortde was introduced, and further 1 .57 liter of a toluene solution of methylalminoxane 
(Al: 1 .1 mol/l) and 2.76 liter of toluene were further added thereto to obtain a catalyst solution. 

Polymerization 

10 

To a continuous solution polymerisation device, the catalyst solution prepared as described above was continu- 
ously Introduced at the rate of 0.02 mmol/hour in terms of zirconium atom along with 10 mmol/hour of triisobutyl alumi- 
num. During polymerization, ethylene, 1-octene and hydrogen were continuously introduced to maintain a 
predetermined monomer composition (molar ratio of gaseous composition: ethytene/1-octene = 0.83. hydrogen/ethyl* 
IS ene = 0.002). and copolymerization of ethylene and 1 -octene was carried out on the condition that the total pressure 
was 6 kg/cm-Q and the polymerization temperature was SO^'C. 

Successively, a small quantity of methanol was added to ^ polymerization solution drawn from the bottom of the 
potymerizer to cease the polymerization reaction. The copolymer was separated from the solvent by steam stripping 
treatment, and then dried for 24 hours at lOO^'C under reduced pressure (100 mmHg). 
20 Thus, the ethylene/1 -octene random copolymer (B-1) was obtained at a rate of 5 kg per hour. 

The thus otrtained ethylene/1 -octene random copolymer (B- 1 } had 1 -octene content of 8 mol %. a density of 0.890 
g/cm^. MFR of 0.6 g/10 min, an intrinsic viscosity (n) measured in decalin at ISS^C of 2.0 dl/g, glass transition temper- 
ature (T g) of -55*'C. crystallinity measured by X-ray diffractometry of 25%. molecular weight distribution (Mw/Mn) meas- 
ured by GPC of 2.3. 6 value of 1 0. gn * value of 0.87, melt tension (MT) of 6.7 g. flow index (Fl) of 180 sec'^ . 

25 

Reference Examples 2 to 6 

Ethylene/a-olefin random copolymers (B-2) to (B-6) were prepared in the same manner as in Reference Example 
1 except that the polymerization conditions were varied. 
30 Species of a-olefin and contents thereof (mol %) in these copolymers, and each density (g/cm^), MFR (g/10 min). 
intrinsic viscosity (n) (dl/g). Tg {"C), crystallinity (%). Mw/Mn. B value, gn* value, melt tension (MT (g)) and flow index 
(Fl (sec'^)) of these copolymers are shown in Table 3. 

Reference Example s 7 and 8 

55 

An ethylene/1 -octene random copolymers (B-7) and an ethylene/1 -butene random copolymer (B-8) were obtained 
in the same manner as in Reference Example 1 except that the rac-dimethylsilylene-bis{1'(2-methyl-4-pheny1inde- 
nyl))zirconium dichloride was replaced by bis(1 .3-dim6thylcydopentadienyl)zirconium dichloride as illustrated below as 
a transition metal compound of the IVB group of the periodic table. 
40 bis( 1 .3-dimethylcyclopentadienyl)zirconium dichloride 




(wherein Me represents a methyl group) 
55 An a-olefin content, density. MFR, intrinsic viscosity (i)). Tg. crystallinity. Mw/Mn. B value, gn* value, melt tension, 
and flow index of each of these copolymers are shown in Table 3. 
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Table 3 



bcnyxene/ 
a-olef in 

random 
copolvmer 


Species and 

content 
(tnol %) of 
a-olef in 


density 
(g/cm^) 


MFR 
(9/10 ntin) 


(Tl) 
(dl/g) 


Tg 
(•C) 


B-1 


1-octene 
(8) 


0.890 


0.6 


2.0 


-55 


B-2 


l^octene 
(17) 


0.860 


0-7 


1.9 


-65 


B-3 


1-octene 
(14) 


0 . 870 


0 . 6 


2 . 0 


-65 


B-4 


1-butene 
(9) 


0.890 


0.7 


1.8 


-50 


B-5 


1-butene 
(19) 


0.860 


0:5 


2.2 


-60 


B-6 


1-butene 
(16) 


0.870 


0.6 


2.0 


-60 


B-7 


1-octene 
(14) 


0.870 


0.5 


2.0 


-65 


B-8 


1-butene 
(16) 


0.870 


0.5 


2.0 


-60 



Table 3 (continued) 

30 



Ethylene 
O-olef in 

random 
copolvmei: 


Crystal- 
Unity 
(%) 


Mw/Mn 


B 

value 


value 


MT 

(g) 


FX 

(Sec-1) 


B-1 


25 


2.3 


1.0 


0.87 


6.7 


180 


B-2 


0 


2.4 


1.0 


0.86 


6.5 


170 


B-3 


5 


2.0 


1.0 


0.86 


6.1 


180 


B-4 


20 


2.1 


1.0 


0.88 




180 


B-5 


0 


2.2 


1.0 


0.86 


5.5 


170 


B-6 


5 


2.1 


1.0 


0.85 


5.3 


180 


B-7 


5 


2.0 


1.2 


1.0 


3.6 


70 


B-8 


5 


2.1 


1.2 


1.0 


3.0 


65 



SO 



55 Preparation ftt.fipmpQsitipp 

The ethylene/4-methyl-l-pentene copolymer (A-1) having a density of 0.922 g/cm^ and MFR of 2.1 g/10 min. and 
the ethiylene/l-octene random copolymer (B-1) obtained In Reference Example 1 and shown in Table 3 were dry- 
blended in a weight ratio (A-1/B-1) of 80/20. 
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Based on 100 parts by weight of the resin thus obtained by dryt)lending. 0.05 part by weight of tri(2,4-di-t-butylphe- 
nyl)phosphate as a secondary antioxidant, 0.1 part by weight of n-octadecyl-3-{4*-hydroxy-3'.5*-di-t-butylphenyl)propi- 
onate as a heat-resistant stabilizer. 0.05 part by weight of calcium stearate as a hydrochloric acid absorbent were 
additionally blended, and these components were mixed at the preset temperature of ISO^'C using a single saew 
5 extruder (made by Modem Machinery Corporation) to obtain pellets of ethylene/4-methyl-1 isentene copolymer compo- 
sition. 

Film prOPQ^sinq 

10 The ethylene/4-methyl-1 -pentene copolymer composition was subjected to air cooling inflation nrtolding using a 20 
mm0 single screw extruder on the following conditions to obtain a film having a thickness of 70 ^im. 

MQidinfl condition 

15 Screw: UD = 26 

Die: 25 mm0 (diameter), 0.7 mm (lip width) 

Air ring: single slit air ring 

Air flow rate: 90 l/min 

Extrusion rate: 9 g/min 
20 Blow ratio: 1.8 

Molding temperature: 200^0 

Take-off speed: 2.4 m/min 

Melt properties and film properties of this ethytene/4-methyl-1-pentene copolymer composition are shown in Table 

2S 4. 

Examples 4 to 10 
Preparation of composition 

30 

Pellets of ethylene/4-methyl-1-pentene copolymer composition were obtained in the same manner as in Example 
3 except that the ethylene/a-olef in random copolymers (B-1 ) to (B-6) prepared in Reference Examples 1 to 6 and shown 
in Table 3 and the ethylene/4-methyl-1-pentene copolymer (A-1) used in Example 3 were blended in each specified 
weight ratio indicated in Table 4. Then, a film was molded respectively from these 6thylene/4-methyl-1-pentene copol- 
35 ymer compositions in the same manner as in Example 3. 

Melt properties and film properties of these ethylene/4-methyl-1-pentene copolymer compositions are shown in 
Table 4. 

Comparative Example 3 

40 

Pellets of ethylene/4-methyl-1-pentene copolymer composition were obtained in the same manner as in Example 
3 except that the ethylene/1 -octene random copolymer (B-1) was not used. Then, a film was mokled from the ethyl- 
ene^4-methyl-1 -pentene copolymer composition in the same manner as in Exanple 3. 

Melt properties and film properties of this 6thylene/4-methyl-1 -pentene copolymer composition are shown in Table 

45 5. 

Comparative Example 4 

Pellets of ethytene/1-butene copolymer composition were obtained in the same manner as in Example 3 except 
50 that the ethylene/4-methyl-1 -pentene copolymer (A-1) was replaced by the ethylene/l -butene copolymer (A-2) having 
a density of 0.922 g/cm^ and MFR of 1.0 g/10 min, and the ethylene/1 -octene random copolymer (B-1) was not used. 
Then, a film was molded from the ethylene/1 -fcnitene copolymer composition in the same manner as in Example 3. 

Melt properties and film properties of this ethylene/1 -butene copolymer compositions are shown in Table 5. 

55 Comparative Example 5 

Pellets of ethylene/1 -octene copolymer composition were obtained in the same manner as in Example 3 except that 
the ethylene/4-methyl-1 -pentene copolymer (A-l) was replaced by tiie ethylene/1 <x:tene copolymer (A-3) having a 
density of 0.922 g/cm^ and MFR of 2.4 g/10 min, and tiie ettiylene/l -octene random copolymer (B-1) was not used. 
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Then, a film was molded from the ethytene/1-octene copolymer composition in the same manner as in Example 3. 
Melt properties and film properties of this ethylene/1 -cctene copolymer compositions are shown in TaSoUe 5. 

Comparative Exam ples 6 and 7 

5 

Two of ethylene/4-methyl-1 -pentene copolymer compositions were obtained in the same manner as in Example 3 
except that the ethylene/1 -octene random copolymer (B-7) and the ethylene/1 -butene random copolymer (B-8) pre- 
pared in Reference Exanples 7 and 8 and shown in Table 3, respectively, were used In the specific weight ratio shown 
in Table 4. Then, films were molded respectively from these Gthylene/4-methyl-1 -pentene copolymer conpositions in 
10 the same manner as in Example 3. 

Melt properties and film properties of these ethyl ene/4-methyl-1 -pentene copolymer compositions are shown in 
Table 5. 
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Table 4 





Ethylene/ 
a-olef in 
copolymer 


Ethylene/ 
a-ole£in 

random 
copolymer 


Mixing 
rdtio 


Melt properties 


weight 
ratio 


MFR 

(9/ 
10 min) 


MT 

(g) 


FI 
(sec-1) 


Ex . 3 


A-1 


B-1 


80/20 


1.6 


2.1 


205 


Ex. 4 


A-1 


B-2 


80/20 


1.6 


2.0 


200 


Ex. 5 


A-1 


B-3 


80/20 


1.5 


2.1 


210 


Ex . 6 


A-1 


B-4 


80/20 


1 . 6 


1.9 


210 


Ex, 7 


A-1 


B-5 


80/20 


1.6 


2.0 


200 


Ex • 8 


A-1 


B-6 


80/20 


1.5 


1.9 


210 


Ex. 9 


A-1 


B-1 


60/40 


1.0 


4.1 


200 


Ex. 10 


A-1 


B-1 


90/10 


1.8 


1 .5 


200 



Table 4 (continued) 





Physical properties of film 


Haze (%] 


Film impact 
strength 
(kg-cm/cm) 


Heat-seal 
initiating 
temperature 
CO 


Ex. 3 


6.1 


750 


100 


Ex. 4 


5.8 


580 


115 


Ex . 5 


5.9 


680 


105 


Ex . 6 


6.1 


690 


100 


Ex . 7 


5.8 


500 


115 


Ex. 8 


6.0 


610 


100 


Ex. 9 


5.1 


900 


90 


Ex. 10 


7.2 


500 


110 
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Table 5 



5 




Ethylene 
a-olef in 
copolymer 


Ethylene 
Ot-olef in 

random 
copolymer 


Ml V i nrr 

ratio 


Melt properties 


10 






A/B 
weight 
ratio 


MFR 

(g/ 
10 min) 


MT 

(g) 


FI 
(sec"^) 




Comp. 
Ex, 3 


A-1 




100/0 


. 2.1 


1.2 


210 


15 


Comp. 
Ex. 4 


A-2 




100/0 


1.0 


2.6 


210 




Comp. 
Ex. 5 


A- 3 




100/0 


2.4 


1.3 


230 




Comp. 
Ex. 6 


A-1 


B-7 


80/20 


1.6 


1.6 


160 


20 


Comp. 
Ex. 7 


A-1 


B-8 


80/20 


1-5 


1.6 


155 



Table 5 (continued) 
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Physical properties of film 


Haze (%) 


Film impact 
intensity 
(kg-cm/cm) 


Heat-seal 
initiating 
temperature 


Comp. 
Ex. 3 


9.1 


350 


120 


Comp. 
Ex. 4 


12 


150 


120 


Comp, 
Ex. 5 


12 


300 


120 


Comp. 
Ex. 6 


8 .5 


720 


105 


Comp . 
Ex. 7 


8.3 


650 


105 
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Claims 

so 1. A resin composition conpristng: 

a polyethylene resin (A) in an amount of 100 parts by weight; and 

a long-chain branched ethylene/a-defin random copolymer (B) comprising ethylene and an a-olefin having 3 
to 20 cartx}n atoms in an amount of 0.5 to 5000 parts by weight. 
55 wherein the polyethylene resin (A) has: 

(a) a melt flow rate ( MFR. ASTM D 1238. 190^0. a load of 2.16kg) of 0.01 to 150 gAlO mIn: and 

(b) a density of 0.901 to 0.970 g/cm^, and 

wherein the ethy1ene/a-olefin random copolymer (B) has: 
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(a) a density of not more than 0.900 g/cm^; 

(b) an intrinsic viscosity (t^). as measured in decalin at ISS'^C, of 0.3 to 3.0 dl/g; 

(c) a glass transition temperature (Tg) of not more than -50^0; 

(d) a crystaltinity. as measured by X-ray diffractometry. of less tfian 40%; 

(e) a molecular weight distribution (Mw/Mn). as measured by GPC. of not more than 3.0: 
(0 a B value, as determined by ^^C-NMR spectrum and the following equation, of 1 .0 to 1 .4; and 
(g) a ratio gn* of the intrinsic viscosity (n) determined in the property (b) to the intrinsic viscosity 
(^)biank ^ ^ linear ethylene-propylene copolymer having the same weight-average molecular weight 
(measured by a light scattering method) as the copolymer rubber (B) and having an ethylene content 
of 70 % by md. (ii)/(n)biank. of 0.2 to 0.95. 

Bvalue = (PoE)/(2-(PE)-(Po)) 

wherein (Re) and (Pq) are respectively a molar fraction of the units derived from ethylene and a molar 
fraction of the units derived from the a-oiefin in the copolymer rubber (B). and (Pqe) is a proportion of 
the number of the a-olef in/ethylene sequences to the number of all the dyad sequences. 

2. A soft resin composition comprising: 

20 a polyethylene resin (A-X) in an amount of 100 parts by weight: and 

a long-chain branched ethylene/a-olefin random copolymer (B-Y) comprising ethylene and an a-otefin having 
3 to 20 cart>on atoms in an amount of 50 to 5000 parts by weight, 
wherein the polyethylene resin (A-X) has: 

25 (a) a melt flow rate ( MFR. ASTM D 1238. ISO'^C. a load of 2.16kg) of 3 to 150 g/10 min: and 

(b) a density of 0.901 to 0.970 g/cm^, and 

wherein the ethylene/a-olefin random copolymer (B-Y) has: 

(a) a density of not more than 0.900 g/cm^; 

(b) an intrinsic viscosity (ti). as measured in decalin at 135^*0. of 0.3 to 3.0 dl/g; 

(c) a glass transition temperature (Tg) of not more than -50°C; 

(d) a crystallinity. as measured by X-ray diffractometry, of less than 40%; 

(e) a molecular weight distribution (Mw/Mn), as measured by GPC. of not more than 3.0; 

(f) a B value, as determined by ^^C-NMR spectrum and the above equation, of 1 .0 to 1 .4; and 

(g) a ratio gn* of the intrinsic viscosity (n) of said copolymer rubber (B) determined in the property (b) 
to the intrinsic viscosity (ii)biank of a linear ethylene-propylene copolymer having the same weight- 
average molecular weight (measured by a light scattering method) as the copolymer rubber (B) and 
having an ethylene content of 70 % t^y md. (n)/(n)btank* of 0.2 to 0.95. 

40 3. An ethylene/a-olefin copolymer resin composition comprising: 

a polyethylene resin (A-a) in an amount of 100 parts by weight; and 

a long-chain branched ethylene/a-oleftn random copolymer (B-a) in an amount of 5 to 67 parts by weight. 

wherein the polyethylene resin (A-a) is a linear ethylene/a-olefin copolymer (A-0) comprising etfiylene 
45 and a-olef in having 4 to 20 caritx>n atoms and has: 

(a) a density of 0.901 to 0.940 g/cm^: and 

(b) a melt flow rate (MFR) of 0.01 to 20 g/10 min. and 

wherein the long-chain branched ettiyiene/a-olefin random copolymer (B-a) has: 

so 

(a) a density of 0.860 to 0.900 g/cm^; 

(b) a melt flow rate (MFR) of 0.01 to 20 g/10 min; 

(c) an intrinsic viscosity [r\), as measured in decalin at 135''C, of 0.3 to 3.0 dl/g; 

(d) a glass transition temperature (Tg) of not more than -50*^0; 

55 (e) a crystallinity, as measured by X-ray diffractometry. of less than 40%; 

(f) a molecular weight dlstritMition (Mw/Mn). as measured by GPC, of not more than 3.0; 

(g) a B value, as determined by ^^C-NMR spectrum and the above equation, of 1 .0 to 1 .4; and 

(h) a ratio gj\* of the intrinsic viscosity (ii) determined in the property (c) to the intrir^ic viscosity 
(^)biank of a linear ethylene-propylene copolymer having the same weight-average molecular weight 
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(measured by a light scattering method) as the copolymer rubber (B) and having an ethylene content 
of 70 % by mol, (ti)/(n)biank. of 0.2 to 0.95. 

4. The resin conposilion as claimed in any one of claims 1 to 3. wherein the ethy1ene/a-olef in rarxJom copolymer is a 
ettiylene/a-olef in random copolymer prepared by randomly copolymerizing ethylene and an a-olefin having 3 to 20 
cailDon atoms in the presence of a metallocene catalyst comprising a metallocene compound represented by the 
following formula (I): 
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wherein M is a transition meta of Group IVB of the periodic table. 

is a hydrocarbon group having 1 to 6 caitoon atoms; 
26 r2. r*, r5 and may be identical with or different from each other and are each hydrogen or a halogen atom, 

or a hydrocarbon group of 1 to 6 caityon atoms. 

R^ is an aryl group of 6 to 16 carbon atoms which may be substituted with a halogen atom, a hydrocarbon 
group of 1 to 20 cartoon atoms or an organic silyt group, 

and are each independently hydrogen or a halogen atom, or a hydrocarbon group of 1 to 20 carton 
30 atoms, a halogenated hydrocarbon group of 1 to 20 cart>on atoms, an oxygen-containing group or a sulfur-con- 

taining group, and 

Y is a divalent hydrocaftx>n group of 1 to 20 cartjon atoms, a divalent halogenated hydrocarbon group of 1 to 
20 carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, a divalent tin- 
containing group. -0-, -CO-, -S-, -SO-, -SO2-. -NR^-. -P(R^)-. -P(0)(R^)-. -BR^- or -AIR^- (in the formulae, the 
55 R^ hydrogen or a halogen atom, or a hydrocartx>n group of 1 to 20 carbon atoms or a halogenated hydrocar- 

bon group of 1 to 20 carbon atoms). 

5. A film made from the resin composition as claimed in claim 3 or 4. 

40 6. The film as claimed in claim 5. which is produced by inflation molding. 
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